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Three conputer programs were written with the objective of predicting 
the structural weight of aircraft through analytical methods.   The first 
program, the structural weight estimation program (SWEEP), is a completely 
integrated program including routines for airloads, loads spectra, skin tem- 
peratures, material properties, flutter stiffness requirements, fatigue life, 
(structural sizing, and for weight estimation of each of the major aircraft 
structural components.   The program produces first-order weight estimates ^ i        | 
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and indicates trends when parameters are varied.   Fighters, bombers, and cargo 
aircraft can be analyzed by the program.    The program operates within 100,000 
octal units on the Control Data Corporation 6600 computer. Two stand-alone pro- 
grams operating within 100,000 octal units were also developed to provide 
optional data sources for SWEEP.   These include (1) the flexible airloads 
program to assess the effects of flexibility on lifting surface airloads, and 
(2) the flutter optimization program to optimize the stiffness distribution 
required for lifting surface flutter prevention. 

The final report is composed of 11 volumes.   This volume (volume VII) 
contains the methodology, program description, and user's information for the 
fuselage module of SWEEP. 
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PREFACE 

This report was prepared by Rockwell International Corporation, Los 
Angeles Aircraft Division, Los Angeles, California, under Contract 
F33615-71-C-1922, No. FX2826-71-01876/C093. The work was perfomed for the 
Deputy for Development Planning, Air Force System Conmand, Wright-Patterson 
Air Force Base, Ohio, and extended from September 1971 to June 1974. 

Eugene L. Bahns, ASD/XRHD, was the Air Force program manager. Leonard 
Ascani was the program manager for Rockwell International. Other Rockwell 
personnel contributing to the project included: 

G. Hayase - Mass Properties 
R. Hiyama - ?1ass Properties 
D. Oialoff  - Mass Properties 
C. Martindale - Mass Properties 
H. Rockwell - Mass Properties 
R. Allen - Mass Properties 
P. Wildermuth - Airloads 
G. Rothamer - Airloads 
T. Byar - Airloads 
S. Siegel - Structural Dynamics 
S. Mellin - Structure and Fatigue 
H. Haroldson - Theimodynamics 
D. Konishi - Advanced Composites 
C. Hodson - Structural Dynamics 

The final report was published in 11 volumes; the complete list is as 
follows: 

Volume / 

I "Executive Sunrnary" 
II "Program Integration and Data Management Module" 
III "Airloads Estimation Module" 
IV "Material Properties, Structure Tenperature, Flutter, and Fatigue" 
V "Air Induction System and Landing Gear Modules" 
VI "Wing and Empennage Module" 
VII "Piselage Module" 
VIII "Progranmer's Manual" 
IX "User's Manual" 
X "Flutter Optimization Stand-Alone Progran" 
XI "Flexible Airloads Stand-Alone Program" 
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Section I 

INTRODUCTION AND SLWARY 

PROGRAM OBJECTIVES 

The fuselage weight estimation program provides the weight analyst with 
a tool suitable for use in the preliminary design phase of system development. 
In this environment, the vehicle selection and search studies require rapid 
response in the development of comprehensive weight trade-off data. Program 
utility in the design cycle require«' an approach that: 

1. Evaluates fighter, bomber, and transport vehicle categories 

2. Provides rational evaluation of the different vehicle design 
variables and criteria 

3. Provides flexible inputs to allow handling of design options, local 
effects, and variables not built into the program 

4. fiinimizes user inputs, program size, and computer execution time 

5. Provides sufficient output for user evaluation 

6. Provides error handling capabilities to avoid catastrophic program 
aborts and to identify problems that require user corrective 
measures 

These factors were prominent considerations in the planning, development, 
and organization of this program. 

MCKGROUND 

The need for rapid and accurate structural weight prediction methods has 
led to the expansion of statistical methods and to the adaptation of analytical 
procedures.   A first-generation weight estimation program provided analytical 
capability for estimating the basic shell structure weights.   Secondary struc- 
ture component weight estimates were manually derived by using various statis- 
tical and enpirical methods.   The system required extensive peripheral data 
manipulations and exposed shortcomings which led to investigations into diverse 
areas of analysis. 

The derivation of pounds, the primary product of an analytical weight 
estimating procedure, is dependent on sizing to a given set of requirements. 



Most published anal/sis procedures check structure of known size for adequacy 
under a given set of constraints and criteria.   The development of synthesis 
methods for structures of initially unknown size required the inversion of 
these conventional analysis procedures.   The length and complexity of certain 
analytical methods used in detail design were not suited to the synthesis and 
optimization requirements of advanced conceptual studies.    Procedures were 
developed to approximate these analytical methods.    Certain design methods are 
based on enpirical formulations and, therefore, were adaptable for use in this 
type of program. 

Fuselage structure is composed of a large number of components which 
serve various functions.    In the analytical approach, the pieces are esti- 
mated and then summed to obtain the total.   Limited sensitivity to local 
perturbations and criteria is a shortcoming of the statistical method.   The 
analytical approach presents the danger of error by omission.    This latter 
factor has been a significant consideration in the development of an approach 
that estimates both the visible components and tiie unknowns in the preliminary 
design vehicle definitions.    Compartments, partitions, and access doors and 
panels are examples of components which are not readily identifiable in .ihe 
conceptual phase.   This program, a product of these considerations, is a sys- 
tem which employs the composite merits of analytical, empirical, and statis- 
tical methods. 

APPROACH TO WEIGKT ESTIM/VTION 

The fuselage structural components serve a wide range of functions. For 
the purposes of weight estimating and accounting, these structural components 
are categorized as either basic or secondary structure according to the 
definitions in MIL-STD-1374. The weight estimating approach is based on cal- 
culating weights at the line item level of the detail weight statement report 
form.    (See Figures 1, 2, and 3.) 

The program estimates basic structure weight by sizing structural mem- 
bers to strength, stiffness, fatigue, and manufacturing requirements.   These 
requirements are established through the analysis of design criteria, engi- 
neering data, and vehicle geometry. 

The approach to sizing shell structure (cover, minor frames, longerons, 
or stringers) is that of a multistation analysis.    Bulkheads and major frames 
are sized to their individual load requirements.   The weights of these basic 
structure elements are sensitive to factors such as geometry, type of con- 
struction, material properties, temperature, loads (and loading criteria), 
acoustic fatigue, local panel flutter, cutout size and location, stiffness 
requirements, and manufacturing limitations.   The method accounts for the dif- 
ferences between the theoretical program solutions and actual hardware weight 
by the application of user input factors to adjust the weights. 
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Figure 3.   Detail weight report format for doors, panels, and miscellaneous 
secondary structure. 
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Secondary-structure component weights are estimated by rule-of-thumb and 
empirical methods or by direct user input. The weights of these items are 
sensitive to factors such as vehicle type and usage, design criteria, specific 
item function, and dimensiorial and descriptive data input by the user. 

SUMMARY OF ANALYSIS CAPABILITIES AND LIMITATIONS 

BASIC STRUCTURE WEIGHT ESTIMATION 

Geometry 

The external shell sectional geometry is represented as a family of shapes 
(rounded rectangles) that may be defined by straight lines and circular arcs. 
The shape may vary from fully circular to fully rectangular. External geometry 
is described at the nose, tail, and eight intermediate stations. Shell 
structure is evaluated at a maximum of 19 synthesis cuts for which geometry 
is determined by interpolation between the described stations. 

Internal geometry is defined by the location of decks and shrouds which, 
in conjunction with cutout definitions, are used to determine the shell 
torsional geometry and the shell and bulkhead geometry needed for the design 
of pressurized cabins and fuel compartments. 

Certain fuselage shell shapes do not lend themselves to the programmed 
approximations. In this case, the program solution retains perimeter, the 
most significant geometry (weight) parameter, and adjusts depth and width to 
obtain a shape defined within the family of rounded rectangles. 

Loads 

The fuselage loads are determined for a free body in equilibrium. The 
external forces and inertia forces form a statically determinate balanced 
system. The balanced force system and the net fuselage loads are calculated 
for as many as 23 different flight and ground load conditions. Net shears and 
bending moments at the synthesis cuts are calculated for the conditions that 
induce vertical bending. Torsional loads, lateral shears, and lateral bending 
moments are not calculated. External forces u-cu in the load computations 
are: 

1. Nose airload (forebody lift) 
2. Wing-body carryover airload (wing carryover lift) 
3. Reactions at the interface of the fuselage with the wing, tails, 

landing gears, and nacelles 

14 



Net reactions from lifting surfaces, landing gear, and fuselage-mounted nacelles 
and stores are introduced to the fuselage at major frame locations. 
Lifting surface reactions are the result of combining airloads and lifting sur- 
face inertias. Vertical tail side airloads are used to determine reactions 
at vertical tail attach frames. These reactions are used only in the frame 
synthesis, since lateral bending of the fuselage is not analyzed. Fuselage 
inertia forces are determined from the distribution of: 

1. Fuselage structure weight 
2. Fuselage content weight 

Although lateral and torsion loads are not calculated, the shell elements 
can be sized to user input bending and torsional stiffness .equirements. 

Internal pressure loads are defined for personnel, equipment, and fuel 
compartments. Pressure due to fuel or liquids is determined by combining vent 
pressure with the hydraulic forces due to vertical accexerations. Personnel 
and equipment compartment pressurization is directly related to the vehicle 
altitude spectrum. The cyclic nature of these forces affects structure life. 
Material static strength and fatigue allowables are used in the sizing of 
the compartment structure (covers and bulkheads). The evaluation of fuel cyclic 
pressure spectrum is not within the current program capabilities and, there- 
fore, fuel compartment structure is sized to static strength requirements. 

Prediction of acoustic pressures is not within the program capability. 
Procedures for sizing structure to prevent acoustic fatigue have been pro- 
grammed and are actuated when acoustic pressures in decibels overall (dboa) 
are input by the user. 

Stiffness Requireirents 

Skin panel gages are increased as necessary to prevent local panel flutter. 
The critical spaed-altitude point is selected by examining the vehicle super- 
sonic flight envelope. Mach number and dynamic pressure are the parameters 
which are evaluated in making this determination. 

Bending and torsional stiffness requirements are evaluated only when they 
are defined by user input. Stiffness available from sizing for strength and 
ether criteria is compared against each stiffness requirement to determine 
whether additional material is required. Should available stiffness be less 
than that required, the program sizes structure to satisfy vertical stiffness 
prior to examining lateral bending stiffness. 

15 



Materials 

Material properties in the form of stress-strain diagrams, strength and 
fatigue characteristics, and physical properties are stored in a permanent 
data bank. Elevated-temperature properties are obtained by interpolation of 
the permanent file data. Properties for covers, longerons, major frames, and 
minor frames are independently derived such that different materials may be 
selected for these structural members. Only one material may be specified 
for each structural member. It is not within the programmed capability, for 
example, to designate different materials for different cover panels. Strain 
compatibility between structural members determines allowable stress and the 
interaction between members under load. 

Since temperature may vary with load condition, separate sets of mat- 
erials data are calculated for each load condition. The critical loads and 
load conditions at each synthesis cut are determined by coirparing the ratio 
of load to the appropriate material property for each of the selected load 
conditions. Cover ultimate shear strength is used to determine the critical 
shear load. Longeron (stringer) compression yield strength is used in the 
determination of critical up-and-down bending moments. 

Synthesis 

Major Frames 

Major frames are designed for the redistribution of in-plane loading. 
Loads for some of these frames are defined in the course of calculating the 
vehicle flight and ground loads. Frames for which the program calculates 
loads, frame element sizes, and weights are: 

1. Nose gear 

a. Trunnion frame 

b. Drag strut frame 

2. Main gear 

a. Trunnion frame 

b. Drag strut frame 

16 



3. Wing 

a. Front spar frame 

b. Intermediate spar frame 

c. Rear spar frame 

4. Horizontal tail 

a. Front spar frame 

b. Rear spar frame 

5. Vertical tail 

a. Front spar frame 

b. Rear spar frame 

6. Nacelle 

a. Forward support frame 

b. Aft support frame 

7. Other external components 

a. Forvard support frame 

b. Aft support frame 

All of the foregoing listed frames may be discrete frames, may not exist 
on a specific configuration, or may be common frames.    Conrnon frames, those 
which occur at the same fuselage station, are designed for the combined loads 
from as many as three sources.    An example of this condition is a frame which 
is used for reacting the wing rear spar, main landing gear trunnion, and 
forward nacelle support loads. 

The program calculates the internal loads and frame element sizes at a 
maximum of 60 frame synthesis segments for each frame,    ihe internal loads 
and frame geometry tor each ot the vehicle load conditions are evaluated to 
determine the requirement at each frame synthesis segment. 

In addition to the 15 major frames synthesized by this program, there 
may be other major frames which are designed for local load occurrences 
that are not defined by the normal vehicle load conditions.    Crew ejection 
and cargo loading ramp frames are special frames of this type.    TTiese two 
type of frames are estimated by statistical methods.   Vehicle jacking frames, 
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required for redistributing jacking loads, are not evaluated by the program. 
Jacking points are normally located at existing major frames (nose gear, main 
gear, ramp, wing) to minimize any weight penalty.    Correlation factors applied 
to the weights of calculated frames are assumed to provide for this condition. 

Bulkheads 

Pressure bulkheads may be located at any of the shell synthesis cuts. 
Geometry (external and internal) and pressure (personnel, equipment, fuel) at 
the shell cut are used to calculate the sizing and weight. Sizing procedures 
are based on stiffened sheet construction simply supported at the periphery. 
Curved bulkheads are not within the programmed capability. Minor frame mat- 
erial properties are used for bt^^ead synthesis. 

Shell Structure 

The prcgram evaluates either longeron or stringer construction semi- 
monocoque fuselages. Search procedures provide the capability for optimizing 
frame spacing and stringer spacing. The frame spacing control it  such that 
either fixed spacing or optimization searches may be specified at each synthesis 
cut. 

Stringer spacing or longeron position, frame spacing, and structural mem- 
ber sizing form a network of interdependent relationships which are used to 
evaluate cover, minor frame, and longeron or stringer requirements. Minimum 
gages and areas and .spacing constraints are limiting factors in the sizing 
and optimization of ehe shell structural members. 

Cover. The cover is designed for either milled or unmilled construction. 
The sizing for the uppor, lower, and two side sectors is based on the individual 
design requirements. Tne sizing procedure consists of systematic evaluation 
for shear strength, local panel flutter, acoustic fatigue, and pressure. The 
side sector panels are designed to accommodate shear loads. If fuel load- 
ing is the pressure source, panels in different sectors may have different 
design pressures. Sizing for pressure accounts for differences in curva- 
ture, when side sector curvature is not the same as that of the upper and 
lower sectors. The pressure evaluation checks bending and diaphragming 
action between supports (frames, stringers, or longerons) versus hoop stress 
to determine the primary design mode. Hoop stress calculations are based on 
the nominal radius of curvature of each sector. The nominal radius of curva- 
ture is the true radius for circular shell shapes and is infinite for rectan- 
gular shapes, and is estimated via special procedures for cross sections of 
rounded rectangle shape. 
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The nominal radius of curvature is also used to calculate curvature 
corrections for acoustic fatigue and the shear and compression buckling 
coefficients. 

Should c required torsional stiffness be specified, the required cover 
thickness is calculated. Two values for required cover thickness are calcu- 
lated to distinguish the difference in geometry (cutouts and decksj immedi- 
ately forward and aft of the synthesis cut. 

Minor Frames^ Minor frame sizing is determined for each of the four shell 
sectors, rrvns sizing is calculated to satisfy general shell stability and 
acoustic fatigue. The side sector is also checked to resist forced crippling 
loads from the side cover panel. 

Longerons/Stringers. The longerons or stringers are sized to provide bending 
strength and, if specified, stiffness requirements. 

For longeron construction, bending strength and stiffness is provided by 
the primary longerons. The sizing procedure evaluates bending strength and 
stiffness of the cover, secondary longitudinal members, and cutout longerons 
to determine the primary longeron requirements. If cutouts or their effects 
(reduced panel effectiveness) exist at a synthesis cut, minimum area members 
(cutoi'.c longerons) are located at the edges of the cutout. The longeron com- 
pression sizing check combines the compression - induced load from the cover 
in diagonal tension with the load due to shell bending moment. Since the 
induced compression load is the maximum value between frames, it is not used 
in the sizing of tension longerons. 

For stringer construction, primary bending strength is provided by the 
upper and lower sector stringers. Side sector stringers are sized to resist 
forced crippling loads from the side panel. The procedure evaluates the 
bending load reacted by the cover and side stringers to determine upper and 
lower sector stringer sizing. If cutouts or their effects exist at a synthesis 
cut, cutout longerons are located at the edges of the cutout. Cutout longeron 
area is sized to replace the capability of the stringers that are deleted or 
ineffective. Incremental vertical bending stiffness in excess of strength is 
provided by the upper and lower stringers or, if they exist, by the cutout 
longerons. Incremental side bending stiffness is provided by the side 
stringers. 

MISCELLANEOUS BASIC STRUCTURE WEIGHT ESTIMVTION 

Fitting weights are estimated for the transfer of loads at the interface 
of the wing, horizontal tail, vertical tail, nacelle, and any other fuselage- 
mounted component.    Landing gear fittings are not calculated, since they are 
included as part of the gear weight estimate. The fitting weights are derived 
by a statistical equation based on loads and major frame material properties. 
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A weight estimate for engine drag beams is made on buried-engine concepts. 
The statistical approach for this item is based on engine thrust. 

The estimate for joints, splices, and fastener weights is based on a 
fraction of the cover and longitudinal member weights. 

The longitudinal partition and deck weight estimate is based on a fraction 
of the cover and minor frame weights. This method has been selected, since 
the location of these items is not readily identifiable in the vehicle con- 
ceptual phase. 

Flooring and supports in the cabin area of transport vehicles are 
considered to be basic structure. The weight estimate for these components 
is based on unit weights dependent on the type of floor used and the floor 
width and surface area. 

SHCONDARY STRUCTURli WlilGirr ESTIM/VTION 

The programed methods estirate the weight of secondary structure com- 
ponents that are usually present on fighter, bomber, or transport class 
vehicles. Three different estimating procedures have been programmed. In the 
initial conceptual phase, when detail geometric descriptions are not available, 
a checklist approach may be used. This approach uses rule-of-thumb estimates 
for certain secondary structure components. When further information becomes 
available, the component weight may be based on description of geometry, 
function, and flight environment. The third approach is to provide for user 
input of component weights. All three approaches may be used in any one 
computer run. The secondary structure components and the applicable estimating 
options for each are shown in Table 1. 

Most line items that appear on the detail weight report form (see 
Figures 2 and 3) are individually estimated. However, the proprammed pro- 
cedure for estimating miscellaneous access door weight includes access pro- 
visions which usually are not defined in the vehicle conceptual phase. The 
doors that are consolidated into this grouping provide access for: 

t Fuel tanks 

• Equipment compartments 

• Batteries 

• Camera 

• Horizontal tail 
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• Inspection 

* Miscellaneous 

Item 12 in Table 1 is allocated for user input of any unusual component 
that is not within the program capability. 

MODULE OPERATION 

The program is written in FORTRAN extended programming language for 
operation on the CDC6600 computer and is structured to operate within 50,000 
octal core locations. Execution time varies with design option, number of 
shell synthesis cuts, and number of major frame synthesis cuts. Normal 
execution time is approximately 10 system seconds per case. For a stringer 
construction case exercising the search options, core time should not exceed 
60 system seconds. 

The Fuselage module operates within SWEEP either as a stand-alone program 
or in conjunction with other modules. The mode of operation is controlled by 
the SWEEP control program. 

In the stand-alone mode, the SWEEP control program calls only the Input 
Data Processing module (READ), the Fuselage module, and, if designated, tht 
Final Output module (OUTPUT). All input data required by the Fuselage modul; 
are initially set up by the user, read into SWEEP by the Input Data Processiivj 
module, and set up in labeled common and mass storage file records for use by 
the Fuselage module. 

When the Fuselage module is operated in conjunction with other SWEEP 
modules, input data required by the Fuselage module are set up partly by the 
user, and partly by other modules in the form of calculated data. As in 
the case of stand-alone operation, these data are written to mass storage and 
labeled comnon, and made available when the Fuselage module is called into 
execution. 

Specific input data requirements and deck arrangement instructions for 
the SWEEP program are discussed in the Users' manual. 

M3DULE INPUT 

Specific inputs to the Fuselage module are discussed ir the maps and 
program descriptions contained in Section III of this volume. As previously 
mentioned, these are obtained directly from mass storage records and labeled 
cannon. 
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TABLE 1.    SECONDARY STRUCTURE WEIGHT ESTIMATION 

Item Secondary Structure Components 

Weight Estimate Options 

Rule-of- 
Thumb 

Descriptive 
Data 

Input 
Weight 

1 Pilot's canopy and mechanisms X X X 

2 Navigator/strike officer canopy and 
mechanisms 

X X X 

3 Windshield and framing x X X 

4 Cockpit windows and ports X X 

S Cabin windows and ports X X 

6 Cockpit flooring and supports - 
secondary structure 

X X X 

7 Stairway and ladder X X 

8 Nose radorae and mechanisms X X X 

9 Aft radome and mechanisms X X X 

10 Miscellaneous radomes X X 

11 Speed brakes X X 

12 Weight of secondary structure not within 
program capability 

X 

13 Main landing gear door and mechanisms X X 

14 Nose landing gear door and raeciianisms X X 

15 Aft cargo doors and mechanisms X X 

16 Side cargo doors and mechanisms X X 

17 Forward loading ramp and mechanisms X X 

18 Forward ramp toe/extension X X 

19 Aft ramp and mechanisms X X 
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TABLE 1.    SECONDARY STRUCTURE WEIGHT ESTIMATION (CONCL) 

Item Secondary Structure Conponents 

Weight Estimate Options   | 

Rule-of- 
Thumb 

Descriptive 
Data 

Input 
Weight 

20 Aft rainp toe/extension x x   ! 

21 Internal pressure door X X   1 

22 Weapons bay doors and mechanisms X X 

23 Gun access doors X X 

24. Ammunition access doors X x ! 

25 Emergency exits - flight X X X 

26 Emergency exits - ground X X x  1 

27 Paratroop doors X X X   j 

28 Spoilers, deflectors, paratroop doors X X x  1 

29 Entrance doors X X X   i 

30 Miscellaneous access doors X x  1 
31 In-flight refueling X X   j 

32 Ram-air turbine doors X x  1 

33 Engine removal doors X X x  1 

34 Accessory access doors X X X   | 

35 Thermal protection panels X X \ 

36 Main landing gear pod X 
x  1 

37 Miscellaneous fairings X X X 

38 Dorsal fin panels X x \ 

39 Walkways, steps, and grips X x l 

40 Antiskid protection X X   | 

41 Exterior finish X X 

42 Interior finish X 
___^_^__^_^__ 

X   \ 
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The following is a summary of the types of inputs required by the module 
for program execution: 

1. Basic constants used in fuselage synthesis equations: «240 inputs 

2. Fuselage configuration-dependent design data: typically 175 to 
200 inputs 

3. Loading condition and airloads data: 28 inputs per loading condition 

4. Mass properties data (weights and inertias): approximately 70 inputs 
per weight/wing-sweep combination 

5. Mach-altitude profile data: 20 inputs 

6. Materials data: ^ 300 inputs per material used 

7. Program print indicators. 

MODULE OUTPUT 

Module output is controlled by user specifications. The output consists 
of input data tables, loads and sizing data tables, weight summary and balance, 
and intermediate calculation arrays. Sample output tables are shown in 
Appendix B. Warning and error messages are printed when erroneous or incom- 
patible data are encountered. The program default procedure appears as part 
of the message. 

MODULE STRUCTURE 

The Fuselage module is structured into two overlays. The first overlay 
consists of one control program and 20 subroutines. This link develops 
external shell geometry, calculates net loads, processes material properties, 
and calculates major frame sizing and weight. The second overlay consists of 
one control program and 25 subroutines. This link sizes shell structure 
members and pressure bulkheads, and calculates shell, bulkhead, miscellaneous 
component, and secondary structure weights. The link also processes the 
weight data to determine fuselage center of gravity and performs the primary 
output function. 

Figure 4 is the functional flow diagram of overlays which form the 
fuselage weight estimation program. The diagram depicts the major data mani- 
pulation and search operations of the program. Table 2 shows the routines 
for each of the functional groupings. 
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Figure 4. Fuselage general functional flow diagram. 
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Figure 4. Fuselage general functional flow diagram (concl). 
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Section II 

MEIHODS AND FORMJLATIQNS 

GENERAL DISCUSSION OF MEIH3DOLOGY 
» 

The methods and formulations adapted for use in this program treat vari- 
ous engineering principles encompassing many disciplines. Expertise in these 
disciplines was provided by specialists in each discipline. It is not the 
purpose nor is it within the scope of this documentation to explain the fun- 
damentals associated with these disciplines. Discussions are based on the 
assumption that the reader is familiar with the theory and analysis procedures 
and, therefore, is oriented toward unique approaches, approximations, assump- 
tions, and deviations from rigorous engineering methods. 

This manual discusses methods and derivation of procedures as they affect 
each structural member. However, certain shell analysis methods are used to 
evaluate requirements which affect several structural members. In this situa- 
tion, derivations are discussed in the order in which they are used in the pro- 
gram. As an example, discussion of forced crippling solutions for minor frames 
and longitudinal members are presented in detail with the minor frame analysis 
procedures. 

BASIC STRUCTURE SYNIKESIS 

GECMETRY DERIVATION 

The analytical sizing procedures are dependent on detail descriptions of 
structural geometry. In order to provide the required data and to minimize 
user input requirements, the programmed approach is based on a generalized 
approximation of shell shapes. This definition provides the information for 
modeling structural element arrangement and contour data. 

Shell structural sizing is evaluated at a maximum of 19 synthesis cuts. 
These synthesis cuts are taken along the longitudinal axis and are located 
by the user to provide load and geometry sensitivity. Major frame sizing is 
calculated at a maximum of 60 frame synthesis segments located by equal spac- 
ing. In the discussions that follow, the term "cut" refers to those loca- 
tions at which structure details (loads, sizing, geometry, etc) are evaluated, 
and the term "segment" refers to that portion of structure bounded by adjacent 
cuts. 
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External Geometry 

Shell contour data at synthesis cuts are calculated in subroutine HEHMFl. 
Calculations in this routine determine the depth, width, vertical centroid, 
perimeter, shape parameters, and curvature at the cuts.    Segment data in this 
routine consists of length, longitudinal centroid, surface area, and calcula- 
ted volume. 

The standard stability axis definitions following are used to define the 
vehicle coordinate system. 

External shell geometry is initially defined as rounded rectangles at 
10 longitudinal locations on the fuselage.    The program subsequently 
develops cross-section geometries at the synthesis cuts through a process of 
interpolaticn between these 10 input geometry cuts.   These input geometry 
cuts are located at the nose, tail, and eight intermediate stations.    Sharp 
geometric changes, such as occur at the start of duct inlets, are described 
by double cuts inrnediately forward and aft of the shape transition.    A 
sketch of the general shape and parameters at a cut follows. 
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Z   (Ref) 

Either of two input formats may be used to define the geometry at the 
geometry cuts (XI): 

1. Width (WI), depth (DI), vertical centroid (ZI), and perimeter (PI) 

2. Width (WI), depth (DI), vertical centroid (ZI), and perimeter 
correlation factor (Kc) 

If the perimeter is not readily available, perimeter correction factor 
(Kc) may be used to describe the shape.    Figure 5 depicts the significance 
of Kc.    The family of rounded rectangle shapes is defined within the 
region bounded by the curves for rectangular, vertical oval, and horizontal 
oval shapes.    The hitersection point of the curves for horizontal and vertical 
ovals represents a circular cross section.    The perimeter is defined by 
the relationship: 

PI   «   Kc j (DI + WI) 

where 

Kc   ■    1.0 indicates a circular shape 

Kc   =    1.273 indicates a rectangular shape 
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Pepth  (P), wiJth  O^i  ivri-vttM-  i.n'^ .  .uul wrt i.-.il  kiitfivi.!   ^"i^  .i«   j!».- 
synthesis cuts (XÜ) are obtained by interpolating between the input geometry 
cuts. 

The interpolated data are then used to obtain the other shape parameters, 
The perimeter is defined as: 

PER   -    4(DOO + WO)  + ZTTRO 

and 

WO   =    (W - 2RO)/2 

D00   =    (D - 2RO)/2 

substituting and solving for the comer radius: 

2D + 2W - PER RO 
8 - 2* 

If the input parameters result in RO<0 or 2R0>W or D, the perimeter is 
maintained and the parameters RO, DOO, and WO are adjusted by a factor K. 

If RD<0, the shape is adjusted to represent a rectangle in the following 
manner: 

RO   =   0 

PER   =    K(2D + 2W) 

PER 
K   = 

2D ♦ 2W 

If 2RO > W or D, the shape is adjusted to represent a horizontal or 
vertical oval in the following manner: 

RO = minimum of W/2 or D/2 

X = maximum of W or D 
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PER   -    K(2irR0 ♦ 2(X - 2R0)) 

v PER 
27rRO + 2(X - 2R0) 

Then the adjusted values for D0Of WO, and RO are: 

WO   -   K(W - 2RO)/2 

DOO   -    K(D - 2RO)/2 

RO   -    K(RO) 

Should the geometry require adjustment by "K," a warning message is 
printed to indicate the amount of adjustment made to the depth and width 
at the section. 

Structural sizing is acconplished for four shell sectors representing 
the upper, lower, and two sides.    A 45-degree angle is used to define the 
limits of these sectors. 

(Upper panel) 

BU 

BS  (Side panel) 

(Lower panel) 
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The peripheral length of the cover elements in these sectors are: 

BU   »   BL   =    2W0 + T  RO 

BS   -   2W0 + ?   RO 

Curvature of the panels in the different sectors are also pertinent to 
the analytical procedures.    The radius of curvature for circular fuselages 
is clearly defined.    However, in the case of noncircular shapes, there is 
no true radius of curvature.    Therefore, a nominal (weighted average) radius 
of curvature is defined in the following manner: 

RCS2    =   [RCS - RO(l - cos 45°)]2 + (RO sin 45° + DOO)' 

Let 

a *   RO (1 - cos 45°) 

b = RO sin 45° + DOO 

then 

2  u2 
RCS - *^±- 

2a 
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The nominal radius of curvature for the upper  (RCU) and lewer (RCL) 
sectors are calculated in the same manner. If the comer radius is less 
than 2 inches, the nominal radius of curvature is assumed to be infinite. 
A value of zero for cuxvature is used to designate the flat panel. 

Segment geometric data are calculated from the cut data. The sub- 
script n is used in the discussion that follows to denote the shell segment 
bounded by cuts j-1 and j. 

Segment length (DELX) is determined by taking the difference between 
adjacent cuts. Surface area and volume are calculated by idealizing the 
segment as a truncated cone. 

The radius (1) of the end of the cone is: 

Rj 

PERj 
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then the surface area (SF) is 

SF     =   IT 
n 

(1*. + E. JN/EELX
2
 ♦ (^. - "R. J' 

J      j-1 n       j      j-r 

The cross-section area (A) at any cut is: 

A.    =   TTRO
2
 + 4D00.(W0. + RO.) + 4WO. RO. 

and the volume (VOL) is: 

DELX 

VOL      =   —T^TA-  + A-  n + CA. A.  J n 3     L j        j-1) j    j-1 
1/2- 

The surface area and volume for the nose and tail segments are calculated 
in the same manner except the input nose and tail station geometry are used 
to define one. end of the truncated cone.   Area and volume of segments less 
than 2 inches in length, indicating sharp geometric transitions, are 
calculated by using geometry data at the aft end of the segment. 

Intermediate segment centroids (XBAR) are assumed to be midway between 
the bounding cuts.   The centroid of the nose and tail segments are calculated 
for the truncated cone.    The nose segment centroid calculation is sham: 

^wv-^^f 
Unit Weight Moment of Inertia Calculations 

Unit inertia due to fuselage and contents are calculated in subroutine 
INERT1.    These unit inertias, when multiplied by the distributed weights in 
the load calculation routines (FFLUT, DUNWYI), define the local weight moment 
of inertia.   Pitch (UIY), roll (UIX), and yaw (UIZ) unit inertia calculations 
are based an the following assunptions: 

1. The weight of fuselage and contents are uniformly distributed within 
the volume of the segment; i.e., a homogeneous distribution. 

2. The center of gravity of the weights is at the centroid of the segment. 
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Inertia about the centroid per pound of weight is defined as a 
function of the average segment geometry as follows: 

where 

D'     « (DOO. + D00. J/2 n j         j-r" 

W     = (WO. + WO. J/2 n 3         yV 

R'     = (RO. + RO. .3/2 

A     = TTR'2 + 40'   (W    + R' ) + 4W,    R' 
n n            n     n        n'          n     n 

UIY     = 4/3 W'  (D1    + R' )3 + 4/3 R' D1   3 + TT/4 R'4 + trR'2 D'2 

n /       nv   n        nJ        '       n   n        '       n n    n 
A 

n 

+ DELX2/12 
n 

UIZ     =      4/3 Df   (Wf    + R'  )3 + 4/3 R1 W'  3 + IT/4 R'  4 + irR'  2 W1 2 

A 
n 

+ DELX2/12 
n 

ÜIX     =     [4/3 W'  (D'    + R' )3 + 4/3 D'   (W    + R»  )3 ♦ 4/3 R'  (D'  3 + V  3) 
n nnn nnn nnn 

+ Tr/2 R' 4 + ITR' ^D' 2 + W'  2)]  /A 
'       n n v   n n   J     n 
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For segments less than 2 inches in length, mit inertia calculations 
are based on geometry at the aft end of the segment.    For the nose and tail 
segments, equivalent section radius is used to calculate the inertia.   The 
nose segment calculations are as follows: 

UI)L 
lod^3 - Rj3) 

UIY1   -   UIZ1 

mh     21, 
-      2     +8C(X( 

Internal Geometr/ 

Subroutine GJ1GEO evaluates the internal structural arrangement in 
order to calculate a cover thickness to satisfy any input torsional rigidity 
(GJ) requirement at the synthesis cuts.   Values calculated in this routine 
are also used in the evaluation of pressure bulkheads. 

Evaluation of torsional capability is based on the presence of a single 
torque cell; and does not consider open sections which are inefficient 
relative to torsional deflections.   TVrist per unit length is: 

8 « — 
GJ 

where 

6 • twist per unit length in radians per inch 

T ■ torque in inch-pounds 

G ■ panel shear modulus in pounds per square in. i 

J » the parameter in torsion theory which replaces the polar 
moment of inertia when the shape of the section is noncircular 
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For a thin-walled closed section of general shape, J is defined 
as follows: 

J JAL 

/r 

where 

A   *   enclosed cross-section area 

ds   ■   incremental peripheral length 

t   ■   panel thickness 

If the thickness is assumed to be constant, J is: 

4A2t 
J   =  —^"~ 

where 

P   e   peripheral length 

The thickness required to satisfy a given torsianal rigidity is then: 

t   = reqd 

4A2G 

Enclosed area and peripheral length of the cell are the only geometric 
definitions required to solve for thickness. These definitions are deter- 
mined from the relacionship between decking or shrouds, cutouts, and external 
geometry. Decks are horizontal partitions which are assumed to extend from 
mold line to mold line. They are defined at a vertical distance from 
the lower mold line and are located by input of a fraction of the total 
fuselage depth. Shrouds, which exist for buried-engine concepts and certain 
weapon bay arrangements, are defined by a radius and a vertical location 
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of the center of revolution. The presence of a cutout, inherent with engine 
removal and weapon bay door requirements, defines the orientation of the 
shroud and torque cell. 

Boundary limits for decks, shrouds, and upper and lower cutouts are 
located at synthesis cuts. Therefore, at any synthesis cut, there may be 
two different conditions defining structure inmediately foxward and aft of 
the cut and two corresponding required thickness values. Section geometry 
evaluation accounts for this difference by calculating cross-section data 
on both sides of each synthesis cut. 

Certain geometric combinations are not conpatible with the assunption 
of a single closed section. The program approach for these arrangements is 
as follows: 

1. Should decks or shrouds exist without any cutouts, the external 
section geometry is used to define the torque cell. The influence 
of the dock or shroud upon torsional stiffness will be ignored. 

2. Should cutouts exist without any decks or shrouds, the external 
section geometry is used to define the torque cell, and the loss of 
torsional stiffness due to cutouts will be ignored. 

3. Should both upper and lower panel cutouts exist in the presence of 
a deck or shroud, the section above the deck is used to define the 
torque cell, and the loss of torsional stiffness due to the upper 
panel cutout will be ignored. 

Figure 6 depicts the different internal arrangements and the corresponding 
calculations immediately forward of a cut. Variables in the calculations are: 

ACRS       Total shell cross-section area at cut 

PER        Shell external perimeter at cut 

ANTF, ANTA   Torque cell cross-section area inmediately forward 
and aft of the cut, respectively 

PERF, PERA   Torque cell peripheral length immediately forward 
and aft of the cut 

PRDF, PRDA   Deck or shroud peripheral length inmediately forward 
and aft of the cut 

DEPF, DEPA   Depth of the torque cell inmediately forward and aft 
of the cut 

WIDF, WIDA   Width of cell between two walls (beaming distance) 
inmediately forward and aft of the cut 
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a. Deck occurring within corner radius area 

a     ■ cos 
/RO-h \ 
\ RO / 

PERF - PER + 2R0 (sina- a) 

PRDF - 2W0 + 2R0 sin a 

ANTF - ACRS-2hW0-R02O 
+ (RO-h) RO sin a 

WIDF - 2 (WO + RO) 

DEPF - 2 (D00 + RO) - h 

tout 

b. Deck occurring in central section 

PERF - PER - TTRO - 2h + 2 RO 

PRDF - 2 (WO + RO) 

ANTF - ACRS - 2(W0 + RO) 

h + RO2 (-2.-2) ■ 

WIDF - 2 (WO + RO) 

DEPF - 2 (D00 + RO) - h 

Cutout 

Figure 6. Internal structural geometry. 
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c.    Single shroud 

,    -1   / RAD-WO \ 
s,n      I—R5—) 

PERF - PER - 2W0-2R0O+ TTRAD 
+ 2h - 2R0 (cos o- 1) 

PROF 

ANTF 

TTRAD + 2h ♦ 2R0 (cosa-l) 

2 
ACRS -4- RAD 

2 
2h RAD 

+ 2R0 (RAD-WO) - RO O 
- RO cos a (RAD-WO) 

WIDF - WO + RO - RAD 

DEPF - Z (D00 + RO) - RO (l - cos a ) 

d. Double shroud 

a sin 
-1  / 2 RAD-WO / 2 RAD-WO \ 

\   RO   ' 

PERF - PER - 2W0 - 2 R0a+ 2 TfRAD 
+ kh +  2R0 (cos o-l) 

PROF - 2 TTRAD ♦ 4h + 2R0 (cos O-l) 

ANTF - ACRS -TTRAD2 - Ah RAD 
+ 2R0 (2RAD - WO) -R02o 
- RO cos a(2 RAD - WO) 

WIDF - WO •(■ RO - 2 RAD 

DEPF - 2 (D00 + RO) - RO (1 - cos a) 

Figure 6. Internal structural geometry (concl) 
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A pressurized section of the fuselage is normally the cellular portion 
of the shell.    Therefore, the torque cell geometry is also representative 
of the pressurized conpartment which can be used in the evaluation of pres- 
sure bulkheads.    In this instance, the calculated geometric variables take 
on a different meaning: 

ANTF, ANTA        Surface area of bulkhead enclosing compartments forward 
and aft of the cut, respectively 

PERF, PERA        Perpheral edge of bulkhead inmediately forward and aft 
of the cut 

PRDF, PRDA        Peripheral edge of bulkhead at the junction with decks 
or shrouds iimeiliately forward and aft of the cut 

Structural Gecanetry 

The arrangement of bending elements (covers, longerons, stringers) and 
their area moments and area moments of inertia exclusive of sizing (thickness, 
area) are calculated in subroutine I1L0NG.    These geometric data are used to 
approximate internal shell loads. 

Precise internal load solutions are not within the scope of this program. 
However, if certain assunptions are made, internal loads can be approximated 
solely on structural arrangement.    Structural arrangements for the rounded 
rectangle geometry idealization are shown in Figure 7.   Maximum shear flow 
occurs at the midpoint of the side sector cover panel and is: 

q   "   f- 

where 

V = vertical shear at the synthesis cut 

q = shear flow in pounds per inch 

Q = area moment of the axial elements in one quadrant 

I = total area moment of inertia of all the bending elements 

Sizing of elements within any structural sector is assumed to be con- 
stant; i.e., all the stringers within a sector are of equal area. 
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If the structure is assumed to be symmetrical about the y-axis, the 
term Q is defined by the following summation for the upper quadrant. 

Q   =    /zda   =   ALU^Tz + ALS^Z + AIT^Z 

+ TCU/Zds + TCS/Zds 

where 

ALU = area of each upper longeron or stringer 

ALS ■ area of each side stringer 

AIT = area of each secondary longitudinal menber 

TCÜ = thickness of upper sector cover 

TCS = thickness of side sector cover 

ds = incremental panel length 

yz - sunmation of vertical coordinates of elements 

The area moment of inertia is: 

I   »   /z2dA   =   ALU^Z2 ♦ ALS^Z2 ♦ AIT^Z2 + ALL^Z2 

+ TCu/z2ds + TCs/z2ds + TCL/z2ds 

where 

ALL ■ area of each lower längeren 

TCL = thickness of lower sector cover 

Assuming that the major portions of the section masses are concentrated 
at the longerons or stringers and that the areas are equal, the equation 
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for shear flow may be simplified to an equation dependent only on element 
location. 

A = ALU » ALS « ALL 

Q   »   ASZ for one quadrant 

I    «   A^Z   for the total shell section 

and 

VQ     „ Ez 

Shell bending stress at any vertical coordinate is: 

MZ 
I 

where 

M   =   bending moment at the synthesis cut 

Z    ■   vertical coordinate of the menfcer 

I    *   total area moment of inertia as previously defined 

Solving the foregoing equation for area: 

MZ 
A   = 

oz2 '£ 
TTie significant geometric variables used in these shell analysis pro- 

cedures are calculated for each of the structural menbers.   Area   moment 
of inertia per unit thickness in the vertical and lateral modes are cal- 
culated for the cover panels in each of the structural sectors.   The 
vertical area moment of inertia calculations are: 

(T5J)    
= (l^)   =   /z2ds 

' v V 

=    2W0(R0 + D00)2 + 2RoN^-(Tr + 2) + RO 000^2 ♦ 2L
^TM 
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(xfe)   -   /^ 

4D00 
3 -+ 4RO[-^-(IT-2) ♦ RO DOO(2 -^2) ♦ ^^f-] 

The lateral area moment of inertia per unit thickness calculations are: 

VTCS/ 

2W03 

Z,2 

♦ 2RO[^-(IT-2)  ♦ RO WO(2 -v 2)  +1^-| 

y ds 

=    4DOO(RD + WO)2 + 4R0 I   g (« + 2)  + RO WOjI + :!!^-J 

Foui primary longerons are assumed for longeron construction fuselages. 
These elements may be located either by angular definition or as a fraction 
of the total fuselage section depth as shown in Figure 7.    Lateral 
location is determined by the intersection of the vertical coordinate and 
the shell mold line.    Should the vertical coordinate be equal to the 
extreme contour coordinate, longerons are located at the furthest outboard 
position consistent with the contour parameters.    Secondary longitudinal 
elements, should they be specified, are located at half the vertical and 
lateral coordinates of the primary longerons.    The number of secondary 
longerons is designated by the user as any multiple of four.   Longeron area 
moment of inertia per unit area is simply the square of the vertical and 
lateral coordinates. 

Stringers are equally spaced starting with a half spacing at the top 
centerline.    Systematic positioning of each stringer provides an accounting 
of the vertical and lateral coordinates in each of the structural quadrants. 
Stringer contribution to bending inertia as a function of the stringer area 
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Upper longeron (ALU) 

sector 
j Upper stringers 
"^ (ALU) 

Lower longeron (ALL) 

Side 
stringers 
(ALS) 

V Lower stringers 
(ALL) 

Figure 7. Structural arrangement. 

49 



is calculated for each quadrant.   The area unit inertias for the upper 
quadrant stringers are determined by the following summations: 

VALU/ Z, i 

vhere 

ALU = individual stringer area in the upper sector 

Z. = vertical coordinate of a specific stringer 

Y. = lateral coordinate of a specific stringer 

The area unit inertias for stringers in the other quadrants are calcu- 
lated by using the same approach. 

The area moments (Q) of the primary bending elements are also deter- 
mined as a function of area.    These are simply the summations of elemental 
vertical and lateral coordinates. 

LOAD DERIVATION 

Subroutine Usage 

Net fuselage loads are calculated for a maximum of 23 flight and 
ground conditions.    These loads are calculated in the following grouping 
of subroutines: 

1. FUSLD Reads the airload, inertia, maneuver criteria, 
tenperature, and speed-altitude data from mass 
storage files and controls calculating process 
by calling the appropriate subroutines.   This 
routine also calls subroutine MFQfIL to calcu- 
late material properties at each design condition. 

2. FLDIN Processes input net loads data.    This routine is 
currently inactive due to the organization of input 
data and program control logic. 
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3. DUMMY1 Checks input conponent loads, inertia, and criteria 
data for conpatibility, and makes corrections as 
required. 

4. FRMEG Calculates the coordinates of the interface between 
the fuselage and the externally supported conpcnents 
(frame reaction points) and any discrepancy which 
might exist due to geometric idealization. 

5. FLDDT Calculates gear loads for taxi and two-wheeled landing 
conditions, and the reactions introduced at the frames 
from the gears and other externally supported components, 
for all loading conditions. 

6. FARLD Distributes the forebody lift and body lift in the 
presence of the wing on the appropriate fuselage 
segments. 

7. FLENT Calculates net (ultimate) vertical shear and 
bending moment at each of the shell synthesis cuts 
by integrating the distributed force system. 

Load derivations are limited to calculation of vertical shear and bending 
moments for symmetrical conditions.    The only effects of unsymmetrical 
conditions are the derivation of vertical tail support loads.    Lateral load 
on the vertical tails from lateral gust and yawing conditions are introduced 
at the support frames. 

Load calculations perform the following systematic procedure: 

1. Insure that the equations of equilibrium ire satisfied 

2. Define the fuselage force system 

3. Integrate to obtain shear and bending moments 

Definition of Variables 

Figure 8 illustrates the aerodynamic forces and the vehicle mass distribu- 
tions used to calculate net fuselage loads.   Definitions of these and other 
symbols are presented in Table 3.   Symbols that are capitalized are also 
FORTRAN names of the variables as they appear in the program. 
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TABLE 3. LIST OF SYMBOLS IN LOADS ROUTINES 

FORTRAN Engrg 
Name Symbol Description 

a Acceleration 
AIOY Pitch inertia of nacelle and contents about nacelle CG 
AIWT Nacelle and contents weight 
CRV S Root chord of vertical tail 
DELX Fuselage segment length (array) 
DGW Vehicle gross weight 
EY Y-coordinate at interface with external component (array) 
EZ Z-coordinate at interface with external component (array) 
FAC1 Limit load to ultimate load factor 
FNZO N Limit design load factor 

4 Forces in the vertical direction 

g Acceleration of gravity 
HCT Horizontal tail attach-type indicator: 

0 ■ shear and moment tie; 2 ■ spindle mounted 
HIOY Pitch inertia of horizontal tail and contents about CG 
HWT Horizontal tail and content weight 

L TAteral load at frame 
m Vehicle mass 
M Moment 

Mx lateral moment 

5^ Pitch moment 
Fuselage distributed lift (array) 

PYV Vertical tail lateral airload 
PZBW Body lift in presence of wing 
PZH Horizontal tail lift 
PZN Nose lift 
PZWB Wing outer panel lift 
QDOT Vehicle pitching acceleration 

R Vertical reaction 
SIOY Other component (store) pitch inertia about CG 
SSPD Vehicle sink speed at landing 
STKE landing gear stroke 
STWT Other component (store) vvoight 
TIYY Vehicle pitch inertia 
TOC t/c Vertical tail thickness ratio 
TY Transfer term between fuselage mold line and external 

component interface y-coordinate (array) 
TZ Transfer term between fuselage mold line and external 

component interface Z-coordinate (array) 

UIY Unit pitch inertia of fuselage and contents about 
segment centroid (array) 
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TABLE 3. LIST OF SYMBOLS IN LOADS ROUTINES (CONT) 

FORTRAN Engrg 
Name Symbol Description 

V Shear at fuselage cut 
VCT Vertical tail attach-type indicator: 

0 « shear tie; 1 ■ shear and moment tie; 
2 ■ spindle mounted 

VIOY Pitch inertia of vertical tail and contents about CG 
VWT Vertical tail and content weight 
MCT Wing attach-type indicator: 

0 » shear tie; 1 ■ shear and moment tie 
WFC Weight of fuselage contents within segment (array) 
WFUS Weight of fuselage within segment (array) 
WIOY Pitch inertia of wing and contents about CG 
WfT Wing and content weight 
XACG X-coordinate of other component (store) CG 
XAPX X-coordinate of wing leading edge apex 

xc X cent ro id of support frames 
XBAR 

c 
X centroid of fuselage segment (array) 

XCG X-coordinate of vehicle CG 
XCPB X-coordinate of body lift in presence of wing 
XCPH X-coordinate of horizontal tail lift 
XCPN X-coordinate of nose lift 
XCPV X-coordiiiate of vertical tail lateral airload 
XCPW X-coordinate of wing outer panel lift 
XHCG X-coordinate of horizontal tail and content CG 
XHFS X-coordinate of horizontal tail front spar support frame 
XHRS X-coordinate of horizontal tail rear spar support frame 
XMCD X-coordinate of main gear drag strut frame 
XMGG X-coordinate of main gear tires 
XMGT X-coordinate of main gear trunnion frame 
XNFS X-coordinate of nacelle forward support frame 
XNGD X-coordinate of nose gear drag strut frame 
XNGG X-coordinate of nose gear tires 
XNGT X-coordinate of nose gear trunnion frame 
XNRS X-coordinate of nacelle rear support frame 
XO X-coordinate of fuselage cut (array) 
XOFS X-coordinate of other conponent (store) forward support 

frame 
XORS X-coordinate of other conponent (store) aft support 

frame 
XST X-coordinate of other conponent (store) CG 
XVCG X-coordinate of vertical tail and content CG 
XVFS X-coordinate of vertical tail front spar support frame 
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TABLE 3.    LIST OF SYMBOLS IN LOADS ROUTINES (CONCL) 

FORTRAN Engrg 
Name Symbol Description 

XVRS X-coordinate of vertical tail rear spar support frame 
XWCG X-coordinate of wing and content CG 
XWFS X-coordinate of wing front spar support frame 
XWIS X-coordinate of wing intermediate spar support frame 
XWRS X-coordinate of wing rear spar support frame 
YACG Y-coordinate of nacelle and content CG 
YCPH Y-coordinate of horizontal tail panel CP 
YCPW Y-coordinate of wing panel CP 
YHCG Y-coordinate of horizontal tail and content CG 
YHSF Y-coordinate of horizontal tail-fuselage interface 
YMGG Y-coordinate of main gear tires 
YMGS Y-coordinate of main gear-fuselage interface 
YNGS   1 Y-coordinate of nose gear-fuselage interface 
lYNSF   j Y-coordinate of nacelle-fuselage interface 
YOSF Y-coordinate of other conponent-fuselage interface 
YST Y-coordinate of other component (store) CG 
WSF Y-coordinate of vertical tail-fuselage interface 
YWCG Y-coordinate of wing and content CG 
YWSF Y-coordinate of wing-fuselage interface 
ZACG Z-coordinate of nacelle and content CG 
ZCG Z-coordinate of vehicle CG 
ZCPV Z-coordinate of vertical tail CP 
ZGRD Z-coordinate of ground line 
ZHCG Z-coordinate of horizontal tail and content CG 
ZHSF Z-coordinate of horizontal tail-fuselage interface 
ZMGS Z-coordinate of main gear-fuselage interface 
ZNGS Z-coordinate of nose gear-fuselage interface 
ZNSF Z-coordinate of nacelle-fuselage interface 
ZO Z-coordinate of fuselage centroid at cut (array) 
ZOSF Z-coordinate of other conponent-fuselage interface 
ZST Z-coordinate of other component (store) CG 
ZVCG Z-coordinate of vertical tail and content CG 
ZVSF Z-coordinate of vertical tail-fuselage interface 
ZWCG Z-coordinate of wing and content CG 
ZWSF Z-coordinate of wing-fuselage interface 
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Innu^ tiror Handling 

Subroutine OMNI serves the function of insuring compatibility of the 
input loads and inertia data. When this program is operated with user loads 
and inertia input, errors could exist which would result in incorrect net 
load calculations. To provide for this possibility, data sets are tested 
to insure that the sum of distributed masses is in agreement with the totals 
and that equations of equilibriun are not violated. 

VF  - 0 (vertical force equilibrium) 

\M, ■ 0 (moment equilibrium) 

Tests en mass distribution assume that, if errors exist, the conpenent 
details are correct. 

DGW = ^cenponent weight 

rr _ ^(cq'PO'rart weight) (cenponent x-cg) 

^   ^(component weight) 
-cc   s ^(conportent weight) (compenent z-cg) 

^(component weight) 
TIYY ■ > (compenent inertia about component centroid) 

+ y  (conponent weight) [(XCG - component x-cg) 

+ (ZCG - conponent z-cg) ] 

Tests on equations of equilibrium are made for three different types 
of load conditions: 

1. Accelerated flight involving vertical acceleration 

2. Accelerated flight involving both vertical and rotational 
acceleration. 

3. Two-wheeled level landing 

Tests on conditions involving only vertical acceleration assume that, 
if errors exist, the input wing lift and center of pressure are incorrect, 

]>F     =    0; PZWB   »   FNZO DGW - PZN - PZBW - PZH 

SM     =    0; XCPW   «   FNZO DGW XCG - PZN XCPN - PZBW XCPB - PZN XCPH 
PZWB 
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Tests on conditions involving both vertical and rotational 
acceleration assume that any unbalance is attributed to input wing lift 
and pitching acceleration. 

2' 0; PZWB = FNZO DGW - PZN - PZBW - PZH 

0; QDOT [PZN(XCG - 

+ PZWB(XCG 

XCPN) + PZBW(XCG 

- XCPW) + PZH(XCG 

XCPB) 

XCPH)] 12g/TIYY 

Vehicle trim in the landing configuration is checked prior to tire contact 
with the ground.    The conditions of equilibrium at that instant are identical 
to steady-flight conditions.    The sum of the lift forces are assumed to be 
equal to the weight of the vehicle acting through the vehicle center of 
gravity. 

Ground Loads 

All flight condition component loads are specified input which are 
verified in subroutine IX^WYl. Ground reaction loads for taxi and two- 
wheeled landing are calculated   in subroutine FLDDT. 
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Reaction loads at the nose gear (Rng) and main gear (Rmg) for the 
taxi condition are calculated for static balance. Aerodynamic forces are 
assumed to be negligible. Equations of equilibrium are: 

^F- « 0 « -FNZO DGW + Rng + Rmg 

SVl  « 0 = -FNZO DGW XCG + Rng XNGG + Rmg XMGG 

Solving for the reactions, 

FNZO DGW (XCG - XNGG) 
W8 '     (XMGG - XNGG) 

Rng ■ FNZO DGW - Rmg 

For the two-wheeled landing condition, vehicle kinetic energy due to 
sink speed is absorbed by the main landing gear shock strut. Aerodynamic 
lift is assumed to be equal to the vehicle weight. 

Kinetic energy = 1/2 mv  = 1/2 -Jj1 SSPD 

DGW 
Main gear reaction ■ Rmg = ma * -rr- a 

where 

a   =   vehicle deceleration (inches per second squared) 

DGW 
Potential energy   ■    Rmg STKE    =   -^p a STKE 

Equating kinetic energy to potential energy and solving for 
deceleration, 

SSPD2 

2 STKE 

_ DGW SSPD2 

mg   "    24 g STKE 

The foregoing solutions are approxiirations which do not account for 
strut efficiency and tire deflections. Total vehicle load factor is the 
sum   of deceleration and gravitational force. 

FNZO   = -pf-* 1 
12g 
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The main landing gear reaction vector does not pass through the vehicle 
center of gravity and, therefore, the vehicle is subjected to a rotational 
acceleration.    This acceleration is detemined from the equation of moment 
equilibrium. 

s M 
y 

QDOT [RmgCXCG - XMGG) + PZN(XCG - XCPN) 

+ PZWB(XCG - XCPW)  + PZBW(XCG - XCPB) 

+ PZH(XCG - XCPH)] 12g/TIYY 

Major Frame Coordinates 

Coordinates of frame load reaction points are calculated in subroutine 
FRMEG from input fuselage and external conponent geometric definitions. 
External conponents are generally present in pairs; i.e., two wing panels, 
two horizontal tail panels, etc.    This approach locates two reaction points 
on each frame that supports these components.   Nose landing gears and vertical 
tails are generally located on the vehicle centerline.    Although load vectors 
frian these menfcers are either normal to or pass through the Z-axis, suggesting 
a single support point, they are reacted by left and right side load 
points.    The angle 4> and its complement (360 degrees - ^) are calculated 
from the interface coordinates and the vertical centroid of the frame. 
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For single vertical tail configurations, YVSF is zero.   The angular 
locations of the load points are approximated in the following manner: 

>• ■ 
CRV TOC 

For nose landing gear, the lateral position of the load point, YNGT, 
is the trunnion bearing point. 

The angular location 4 can then be used to determine the actual 
fuselage coordinates.    Due to structural idealization, inconsistency in 
geometry may be encountered.    Situations which may cause this condition and 
the programmed approach are discussed in following paragraphs. 

Wing-to-fuselage tie point 

3 ZWSF 

Fuselage mold   Iine 
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In the sample sketch, the wing shear forces are reacted outside of 
the idealized fuselage mold line. Fuselage ring analyses assume that these 
loads are introduced on the idealized mold line and, therefore, correction 
terms TY and TZ are calculated for use in determining loads at the assumed 
reaction point coordinates (EY, EZ). 
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For the general case, a rounded rectangle, correction terms 1Y and TZ 
are determined as follows: 

EY   »   WO + RO sine 

where 

e=   ♦  - 6 

•   -1 
4 ■   sin WZ ■ - «JO     sin (e - 4») 

RO 

TY    =    YWSF - EY 

CZ    =   DOG + RO cos e 

TZ    =    ZWSF - EZ - ZO 

Major Frame External Loads 

Major frame loads are calculated in subroutine FIDDT.    These loads 
are introduced at the interface of the fuselage with the major components. 
Different frames which may exist on a given configuration are: 

1. XNGT - Nose landing gear trunnion frame 

2. XNGD - Nose landing gear drag strut frame 

3. XMGT - Main landing gear trunnion frame 

4. XMGD - Main landing gear drag strut frame 

5. XWFS - Wing front spar frame 

6. XWIS - Wing intermediate spar frame 

7. XWRS - Wing rear spar frame 

8. XHFS - Horizontal tail front spar frame 
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9. XHRS - Horizontal tail rear spar frame 

10. XVFS - Vertical tail front spar frame 

11. XVRS - Vertical tail rear spar frame 

12. XNFS - Nacelle front spar frame 

13. XNRS - Nacelle rear spar frame 

14. XDFS - Other conponent forward support frame 

15. XORS - Other component aft support frame 

Loads at the different frames are calculated for each of the design 
conditions.    These calculations are based on specific function and type 
of structural interface. 

Nose gear loads (Rng) for the taxi condition are normally reacted at 
the trunnion (XNGT) and drag strut (XNGD)  frames.    Chly the vertical com- 
ponents of the reactions at the trunnion and drag strut stqpport points 
require calculation.    Horizontal forces are not calculated since this pro- 
gram does not evaluate fore and aft frame loads. 

Rng     Rng 

ZNGS 

ZGRD 
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_      _  (XNGG • XNGD) 
^ ' ^8 (XNJT - XNGD) 

Rngd ■ Rng - Rngt 

Half of the vertical loads are reacted at the cwo points on the 
respective frames and are located as shown: 

Mold  1ine at drag strut 

Mold  1ine at trunnion 
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On certain configurations, a separate drag strut frame does not exist. 

— ZNGS 

ZGRO 

All of the vertical load is reacted at the trunnion.   Longitudinal 
moment (My) unbalance is reacted as a couple force between the downlock 
and trunnion points.   This unbalanced moment is used in the calculation of 
net fuselage bending moment. 

Rngt   =   Rng 

My   =    Rng (XNGG - XNCT) 

Main landing gear tire loads are determined for the taxi and two-wheeled 
landing condition.    If the gear is mounted on the wing, these loads are used 
in the wing reaction calculations.   Vertical reactions at the trunnion (Rmgt) 
and drag strut (Rmgd) are calculated in the same manner as used for the nose 
gear. 
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ZMGS 

ZGRD 

Rmg/2 

The cross-ship moment is reacted at the trunnion and, therefore, the 
couple due to eccentr:    T ;s calculated.   This moment (Mmg) is: 

N*ng   =   Rmg/2  CYMGG -    .435 + TY) 

Should no drag strut frame exist, all of the vertical load is reacted 
at the trunnion, and the calculations are made in the same manner as 
discussed for nose gear loads. 

Vertical loads cm the wing are due to aerodynamic forces (lift), 
inertia forces, and ai some configurations, landing gear loads.    Wing structure 
can be continuous with a center section connecting the two panels or could 
stop at the side of the fuselage. 
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Center section No center section 

For wings with center sections, only vertical loads are reacted at the 
frames.   Both vertical loads and cross-ship moments are reacted by fuselage 
frames supporting wings without any center section.   Either two or three 
fuselage frames may be used to react these loads.   The load derivations that 
follow are for a three-frame system.   TVro-frame solutions are identical except 
for the deletion of intermediate spar (XWIS) terms. 

For the force system shown in Figure 9, the vertical frame reactions 
are assumed to be that which would be obtained with sn infinitely rigid root 
rib.   The centroid of the reaction points (XjO is: 

Xc   =    (J(WIS + XWIS + XWPS)/nui*er of frames 

Zpz   .   £p .SSt + WT [.FNZO + M (XWCG - XCG)] 
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ZWSF 3- 

Xf    [-FNZO +   -2221  (XWCG-XCG)] 

Rmg 
2 

ZWCG Ncr- 

QDOT    f WIOY + WT  (ZWCG-ZCG)   , 
I2g       l                    2 J 

\ XWCG 

Vf    [  - FNZO +^2L   (XWCG - XCG)] 

ZWSF 

Figure 9.    Wing force system. 
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The moment of the forces about Xc is: 

EM     =   P^ÜB (xc - XCPW) + ^ [Xc - XMGG] 

WWT [- FNZO + 2551 (XWCG - XCG)|   (Xc - XWCG) 

/QDOT\[wiOY * WI (ZWCG - ICG)2] 
[l2g II 2 J 

The sum   of the distances from the centroid of the reaction system 
squared is: 

Ex2   =    (Xc - XWFS)2 + (Xc - XWIS)2 + (Xc - XWRS)2 

The vertical reaction at the front spar is then: 

EF7 Ety (Xr - XWFS) 
R, Z 

fs        number of frames Ex^ 

Vertical reactions at the other frames are calculated by substituting 
XWIS and XWRS in the equation. This method is similar to the solution for 
rivet loads when the rivets are in a single row pattern. 

For wings with no center section, the cross-ship moments (M^ at each 
of the frames are estimated.    Chly the airload lift term contributions are 
shown.    Inertia and landing gear contributions are determined in the same 
manner and added to the airload effect. 
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The cross-ship moment at the side of fuselage is: 

Mx   »   ^2® (YWCP - YWSF) 

The basic assunptions are that the cross-ship moment follows the three 
load paths,  t ,  t , and i , as shown in the preceding sketch, and that the 
rotation (0) of tne center-of-pressure point is constant.   The rotation is 
defined by the equation: 

6-/f 
If it is further assumed that the flexibility (El) is constant for 

the three paths, 

e~Vl   -  Yi  - Vs 

where 

Mx   =   M1 + ^ + M3 

Solving for the cross-ship moment (MJ at the front spar, 

M      =    Mv - M„  ~ M„ 'x    "2 3 

'l 'l ■    M    - NL — - M   -=• 
X     ^  f2 ^   '3 

Mx ^^i 
Ml   = 1/f, ♦ l/f, * 1/1. 
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Similarly, the moments at the other reaction points are calculated. An 
inconsistency may exist due to geometry coordinates as discussed previously, 
where the calculated frame loads are not on the theoretical moldline. 

TY 

The corrected moment (Mf ) is 

M fs -   ^ + R fs TY 

Loads from horizontal tail surfaces are due to aerodynamic forces and 
inertia forces.    The tail may be supported on the fuselage or on the 
vertical tail.    In the case where the horizontal is supported by the fuse- 
lage, two frames react the loads.    Tail structure may be either center- 
section type, no center section, or spindle-mounted design.    Frame load 
calculations for the first two types are identical to that used for wings 
with two support frames.   On spindle-mounted horizontal tails, all of the 
cross-ship moment is reacted at the rear spar frame. 

A single vertical tail, t-tail, or twin verticals may exist on a 
configuration.   The following sketch depicts the forces on a t-tail 
arrangement. 
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The centroid of the reaction points (X ) is:_ 

X     =    (XVFS + XVRS)/2 

The total of the vertical forces and the moment about X   are: 
c 

EFZ   =   PZH + HWT [-FNZO + 2M(XHCG . XCG)1 

+ VWT  [-FNZO + ^^(XVCG - XCG)] 

73 

—■■— 



LMy   -   PZH(Xc - XCPH) + HWr[-FNZO + ^(XHCG - XCG)](Xc - XHCG) 

- 2591 THICV + m (ZHCG - ZCG)2] 

+ VWT   f-FNZO + 2221 (XVCG - XCG)1 (Xc - XVCG) 

- SMfyiOY + VWT(ZVCG - ZCG)2] 

If Lx2 =    (Xc - XVFSJ2 + (Xj. - XVRS)2 

The vertical reaction at the front spar is: 

DZ.EMV (Xr - XVPS) 
fs=   2 Ex2 

The reaction at the rear spar is obtained by substituting XVRS for 
XVFS in the foregoing equation. 

The lateral load (PYV) on the vertical tail is also reacted at the 
frames.    No moment is introduced by the horizontal tail due to the 
assumption of load syimetiy.   The lateral force and moment are: 

=    mr(XCPV - XVRS) 
^fs r V(XVRS - XVFS) 

L       =   PYV - Lr rs fs 

M  = PYV(ZCPV - ZVSF) 

This moment is distributed between the front and rear spar frames by 
the same method as for loads normal to the wing surface. 
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These loads are distributed between the two frame interface points. Front 
spar details are shown in the following example: 

On spindle-mounted vertical tails, all of the rolling moment is introduced at 
the rear spai frame. 

Load calculations for a single vertical are identical to that for a 
t-tail arrangement if the horizontal tail contribution terais are deleted. 
Calculations for twin vertical arrangements are also similar except for the 
accounting of external forces and the assumption that loads from each 
vertical tail are introduced at the lateral centroids. 

Loads introduced by nacelles and other items mounted outside of the mold 
line are calculated for two support frames reacting both vertical load and 
cross-ship moments. These loads are calculated in the same manner as for a 
two-spar wing without any center section. Only inertia terms are pertinent in 
these calculations. The SWEEP program in its current form is set up for 
fuselage-mounted nacelles. It is capable of accepting other user-designated 
external stores only when the Fuselage module is operated in the stand-alone 
mode. 

Body Airloads 

Subroutine FARLD distributes body airload on the appropriate fuselage 
segments. Forebody lift (PZN) is located at a center of pressure (XCPN). 
This lift is assumed to be distributed according to an isoceles triangle 
shape as shown in the following sketch. The  apex of the triangle is placed 
at the center of pressure. 
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The basic distribution is used to calculate the amount of lift acting on 
each of the affected fuselage segments. However, the lift within a segment is 
assumed to act at the centroid of the segment and, therefore, an error in 
center of pressure is introduced. Depending upon the manner in which synthesis 
cuts are input, this can result in an unbalanced airload moment about the 
longitudinal center of pressure. 

Distributed lift 
Triangular distribution 

Numerical deviation 

Centroids 

Fuselage cuts 

An adjustment is made such that the assumed distribution matches both the 
total lift and the overall center of pressure. This is done by using the add 
distribution. The airload then acting upon any one fuselage segment becomes 
the sum of that determined from the triangular distribution plus the added 
distribution. The direction of the add distribution vector is dependent upon 
whether a pitchup or a pitchdown moment correction is required for balance. 

Body lift in the presence of the wing (PZBW) is distributed in the same 
manner as the forebody lift. The forward edge of the lift distribution is 
located at the intersection of the wing leading edge with the centerline of 
the body (XAPX). On variable sweep configurations, the apex (XAPX) varies with 
wing sweep position. 

The airload is assumed to act at the centroid (defined in subroutine 
GE0MF1) of each synthesis segment. No attempt is made to maintain exact CP 
locations from trapezoidal airload distributions within individual segments; 
this segment CP error does not have a significant impact upon loads at 
synthesis cuts in the region of the vehicle nose. 
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Net Shell Loads 

Subroutine FLDNT calculates the net vertical shear and longitudinal 
bending moment at each synthesis cut by integrating the effects of: 

1. WFUS - Distributed fuselage weights 

2. WFC - Distributed fuselage content weights 

3. P   - Distributed body airloads 

4. R   - External forces introduced at the support frames 

The following sketch depicts forces acting within a shell segment 
bounded by cuts j -1 and j . 

XNGT. 

(WFUS    + WFC.)   [UIY,  +  (ZCG - ZOj2] ^221 
J J J J 'Zg 

Rngt 

f V. 

(WFUS, + WFC,) [-FNZ0 + ^T^- (XBARj - XCG)] 
J     J IZg 

In the example, nose gear trunnion reactions are shown: 

Mngt ■ couple introduced from nose gear loads (no drag strut frame) 

Rngt = vertical load introduced at nose gear trunnion frame 
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Numerical summations are initialized at the first cut and proceed through 
subsequent cuts. Shear and bending moment at cut j are obtained by adding the 
effect of loads within the segment to the loads at the previous cut. 

V. = V. . ♦ Rngt + P. + (WFUS. + WFC.) [-ENZO + ^^(XBAR. - XCG)] 

M. = M.  + V. , DELX. + Mngt + Rngt (XO. - XNGT) 

+ P. + (WFUS. + WFC.) f-FNZO + 222I(XBAR. - XCG)1  (XD. - XBAR.) 

Incranental vertical force due to contents is also calculated. This 
force is indicative of the contents as well as the local vertical load factor 
at the segment centroid and is used to deteimine critical fuel pressure 
criteria in subroutine LDCHK. 

ÖV. » WFC. -[FNZO + ^ZT^xBAR. - XCG)1 

Critical Shell Design Loads 

A maximum of 23 load conditions are investigated for critical design loads. 
In order to minimize program execution time, subroutine LDCHK selects the 
critical loads prior to shell synthesis. Each time this routine is called the 
design loads at one synthesis cut are evaluated. 

Structural temperatures and corresponding material properties vary with 
loading condition. The procedure for selecting design loads is as follows: 

1. At a given synthesis cut, the ratio (M/Fcy) of bending moment to 
longeron or stringer compressive yield strength, and the ratio 
CV/FSU) of vertical shear load to ultimate shearing strength, are 
calculated for each loading condition. 

2. For all loading conditions with positive bending at the specified 
synthesis cut, M/^cy values are compared, and the bending moment 
attendent with the largest value of this parameter is selected as the 
design value of positive bending moment at that station. 

3. Similarly, all loading conditions with negative bending at the speci- 
fied synthesis cut are evaluated for the maximum negative value of 
M/FCy, and a design value for negative bending moment is established. 
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4. Design values of shearing load are similarly established by selecting 
the loading condition that produces the greatest absolute value of 
V/Fsu, and storing the appropriated value of V for that condition. 

5. The critical positive bending moment, negative bending moment, and 
shear load thus determined are stored along with the appropriate 
material properties for use in sizing routines. 

6. Conditions which produce maximum positive and negative loading fron 
fuselage contents are determined.    The vertical and pitching 
accelerations from these conditions are stored for use in determining 
the internal design pressures for fuselage sections containing fuel. 

7. The first time LDCHK is called, vertical reactions from lifting 
surface conponents, fuselage-mounted nacelles, and fuselage-mounted 
stores are checked for each loading condition.   Maximum reaction 
load from each of these components are determined and stored for 
later use in estimating attachment fitting weights.    This operation 
is not repeated on subsequent calls of subroutine LDCHK. 

MATERIAL PROPERTIES 

Structural synthesis procedures are dependent on the modeling of physical 
and mechanical properties of the materials selected for structural design. 
Material descriptions must be in a form that can be used to reflect their 
behavior under load so that structures can be synthesized to satisfy 
conditions of strength, stiffness, and stability. 

Subroutines MFCNTL, MATLF, and MATLP1 provide these data by processing 
properties stored in a material data file.    This file consists of 20 records 
which describe physical and mechanical properties of different aluminum, 
titanium, and steel alloys.    Each record consists of the following data: 

1. Material identification nunber and descriptive title 

2. Density 

3. Modulus of elasticity at room temperature (80   F) 
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4. Shear modulus of rigidity at room tenperature 

5. Fatigue characteristic (reduction of area) 

6. Stress-strain and strength data ac different operating temperatures 
(a maximum of five sets of data) 

Properties at temperatures other than those described in the data sets 
are determined by an interpolation or extrapolation procedure. Most of these 
properties are discrete allowables and characteristics. 

Inelastic instability solutions require information given by the com- 
pressive stress-strain diagram. Stress-strain diagrams of Isotropie materials 
consist of straight-line portions reflecting elastic behavior and curved portions 
reflecting plastic deformations. Material file data consist of the definition 
cf key points on the stress-strain plot. Proportional limit defines that 
point on the curve at which the stress-strain diagram departs from the 
straight line that defines the modulus of elasticity. Figure 10 shows a 
typical diagram depicting the proportional limit and the yield stress defined 
by the 0.002 strain offset method. The true yield stress would be used for 
materials which have a definite yield point. Three other points at equal 
strain increments define the curved portion of the diagram. 

A mathematical representation is used to provide a continuous 
description of the elastic and plastic properties through the yield stress- 
point and values for strain, tangent modulus, and secant modulus (Figure 11). 
The general form of the equation used to approximate the stress-strain curve is: 

9       . Bcr 
€ = - + Ae 

E 

where 

c * strain, in./in 

a ■ stress, psi 

£ • modulus of elasticity, psi 

A = constant, function of material, in./in. 

B * constant, function of material, 1/psi 

e ■ base of the natural logarithm 
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The first term of the equation approximates the linear region of the curve 
where: 

-   Q   - 

The second term fits the plastic region of the stress strain curve. 
If the curve passes through points 2 and 5, the constant B can be detemined 
by substitution of the stress-strain data. 

B   = 

and 
(0s - °2) 

-T     .       [l08e f£2 " ^ " ^l A   = —R  ~       =     e 
eBa2 

Similarly, the constants A and B can be derived for curves passing 
through points 3 and 5 and points 4 and 5.    All of the data points are 
evaluated for the least squares selection.   The slope of the curve provides 
the values of the tangent modulus of the material, the key parameter in 
stability equations.   Tangent modulus is obtained by differentiating the 
equation. 

E     -   d"    _   1 

da        E 

By definition, tangent modulus is equal to the modulus of elasticity 
at the proportional limit and, therefore, deviation at chis point is also 
evaluated in the least square fit. 
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Curve fit for €- f [E, a] 

Best fit through (apL, £pL), ( aY, ey)  and points 

(°2, 
€
2),   i^y  €3) OR (<r^*k). 

c 

2 
*■» 

m 
W 

'PL 

PL 

0", Stress - psl 

Figure 10. Stress-strain curve and curve fit control points. 
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Figure 11. Material stress-strain curve evaluation for elastic and plastic 
properties. 
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Other design properties obtained from the library are: 

1. Poisson's ratio 

2. Ultimate tensile strength 

3. Ultimate shear strength 

4. Ultimate bearing strength 

5. Fatigue factors, fraction of ultimate tensile strength 

Material ultimate tensile strength is an allowable or not-to-exceed 
stress level in static strength analysis. Design for repetitive loading, 
fatigue life can also be defined in terms of an allowable stress. Fatigue 
allowable stresses are defined by fatigue factors stored in the material 
data file. Allowable stresses to prevent fatigue failure are presented as 
fractions of the material ultimate tensile stress, fatigue factors. Two 
fatigue factors are used in the fuselage weight estimation module - one 
defining allowable stress under pressure loading, and the other defining 
material endurance limit for acoustic fatigue design. 

Cabin prcssuriration is a cyclic occurrence that subjects the cover 
to possible fatigue failure. The predefined fatigue factor defines an 
allowable stress for a loading from zero to limit pressure 20,000 times with 
a stress concentration factor of 4.0. Endurance limit is defined as the 
failure stress of a polished specimen (Kt = 1) under fully reversing load 
for an infinite number of cycles. This parameter is used in the empirical 
formulations for the prevention of acoustic fatigue. 

Fatigue factors can be revised to reflect the actual vehicle loading 
spectrum by user revisions to the material properties library' data or by 
executing the fatigue module. Details on fatigue methods and program 
descriptions are presented in Volume IV. 

Table 4 lists the materials and alloys found in the initial compilation 
of the material data bank. To allow for ease in identification, each 
material is identified by record number and descriptive title. This title is 
always included in the output data set describing the selected structural 
material for the individual vehicle components being analyzed. This 
identification of the material used is necessary because material alloy and 
form, along with the source of the data, must be easily related to the 
solution of each problem. Data reflecting properties at several operating 
temperatures after specific exposure at temperatures are included in this 
file. These properties can be selected when similar requirements are 
specified for a problem. 

For additional discussion of the manner in which materials properties 
are established, refer to Volume IV. 
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SHELL SYNTHESIS 

Geometrie definitions and constraints, loads, and design criteria are 
parameters evaluated in the synthesis of shell members. Covers, minor 
frames, and longitudinal members form the basic structural grid work that 
resi5*s vehicle shear and bending loads. Covers are thin sheets which are 
efficient in resisting shear and tension loads, but inefficient in resisting 
compression loads. Stiffening members, minor frames, and stringers or 
longerons are used to provide the capability for resisting compression loads. 

Major frames, required for the redistribution of concentrated external 
loads, are only dependent on these loads and the path of balancing forces 
and, therefore, are synthesized independently. Pressure bulkhead design 
criteria and sizing are also evaluated independently for local considerations. 

Several assumptions have been made to minimize the multiplicity of 
variables and thus simplify the synthesis process. The shell is assumed to 
be composed of four unique sectors - the upper, lower, and two sides - for 
which design requirements would differ. The cover and minor frame design for 
the upper and lower sectors are dependent on material minimum thicknesses, 
local panel flutter, acoustics, pressure, stiffness, and stability. In 
addition to these requirements, the side sector is designed to resist vertical 
shear load. Cover and longitudinal manbers resist the bending load while 
minor frames provide the required stability. In the case of stringer con- 
struction, all stringers within a sector are assumed to be of equal cross- 
sectional area. Stringers in the side sectors are sized to satisfy minimum 
area and cover support requirements. Upper and lower sector stringers 
(longerons) are sized to resist that part of the bending load which is not 
reacted by the cover and side sector stringers. 

Practical considerations, primarily computer central core time, have 
led to sizing procedures with few iterative loops. Basic shell synthesis 
is controlled by subroutine FUSSHL. TTiis routine controls the evaluation of 
loads and sizing at each of the synthesis cuts. There are two basic search- 
ing operations at each cut. Subroutine LONGS controls the stringer spacing 
search procedure. Frame spacing search is controlled by subroutine FPANEL. 
This procedure is nested within the stringer spacing search loop. Initial 
spacing in either search is a predefined minimum spacing. Should stringer 
spacing dictate four or less stringers, the search is abbreviated at four 
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stringers. Frame spacing search is limited by a predetermined maximum 
which is defined as a fraction of shell diameter. 

At the specified synthesis cut, spacing is increased until the limped 
weight of covers, minor frames, and longitudinal mer.ilers indicates an upward 
trend. An increase of weight with increase in spacing or an optimum less than 
the initial spacing abbreviates the search. A final sizing pass is made at 
the spacing prior to the upward weight trend. Spacings are evaluated at fixed 
increments such that the derived optimum spacing could be in error by a 
maximum of half the increment. Weight-spacing variations are, in general, 
flat in the region of practical design limits such that a more precise solution 
is not consistent with the scope of this program. If required, spacing 
increment may be decreased by the user to obtain refined solutions. Controls 
are also provided such that both stringer and frame spacings may be restricted 
to user-determined input constraints. Another program feature is the capabi- 
lity of predefining frame spacing or searching separately at each cut. 

Since all geometric constraints are established within the control 
routines (FUSSHL, LONGS, FPANEL), synthesis routines are configured for 
point design solutions. Component sizing methods and formulations are, 
therefore, oriented toward application of criteria on a predefined geometric 
model. 

Cover 

Subroutine FCOVER establishes cover thickness to satisfy strength, 
flutter, acoustic fatigue, and minimum thickness. Should the shell section 
be pressurized or contain fuel, subroutine CVPRES evaluates pressure require- 
ments. The cover sizing procedure starts at minimum thicknesses and proceeds 
through a systematic check of the different criteria. 
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Cover Model 

The program model of the cover is shown in the following sketch. Pro- 
grammed methods provide the capability for evaluating both milled and unmilled 
designs. The approach for milled concepts differentiates between edges, 
where degradation exists due to fastener holes, and the field, where net 
sections are not disturbed. In normal design practice, rivet spacing is four 
rivet hole diameters apart. Degradation due to this hole spacing is 
mathematically represented by a rivet factor CCR) of 0.75. 

(Prams spacing) 

(Stringer spacing 

or panel size) 

RC 
(Radius of curvature) 

\    (Land thickness) 

Shear Strength 

The side sector cover panel is designed to satisfy shear strength. 
Shear flow (q) is determined in the following manner. 

i 
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where 

total vertical shear at the cut 

Q   ■   area moment of the bending elements 

I   ■    area moment of inertia of the bending elements 

Assuming that the section masses are concentrated at the longeron? or 
stringers and that the areas are equal, the equation for shear flow may be 
reduced to an equation dependent only on element location. 

I     " gÄP"  = £z2~ 

Hie maximum shear flow occurs at the midpoint of the side panel where 
Q is determined for the quadrant from the tap centerline to the horizontal 
neutral axis, and I is determined for the total section. 

Cover thickness to satisfy block shear strength is 

t   ■ r;—-ji—     for unmilled riveted panels 
C     LR hSU 

and 

t   ■ -Ja—   for milled panels 
c     F 

SU 

This thickness is compared against minimum gage, the greater of which 
is used as a first approximation to determine the shear buckling coefficient 
(k ).   The value for k   is assumed to be 7.5 for flat panels.   The program 
approximation of the buckling coefficient for curved panels is superinposed 
an design curves for critical buckling coefficients in Figure 12.    The 
equations are as follows: 

b   =   minimum of D or L 

Z   = 
b2   JTv RCt c 
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Figure 12. Shear buckling coefficient. 
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for 

RC   - «(flat panel), Kg   »   7.5 

Z < 2, Ks =   7.5 

2 < Z < 10, Ks ■ "(f)0-113 

10 <Z, Ks ■ ^r2 

Having determined the buckling coefficient, a check can be made on the 
postbuckled strength. 

K-   7r2E       / t_ ,2 m SCR       12 (1 - »x2) V b 

If the critical buckling stress (F^J is greater than the block shear 
stress, strength conditions are satisfiecl.    If critical stress is less 
than the block shear stress, cover is sized for postbuckled strength. 
The allowable shear stress is: 

JSallow   =   FSCR + sin a C0S a (CRFTU ■ W 

where 

Cj^   •    1.0 on milled panels 

B   0.75 cn unmilled panels 

Subitituting into the fo.agoing equation 

Ks ir2 E      .t v2 
Fsaiiow = q/tc = 12(1; ^Ir)   (1 ■sinacos a) 

+ Cj^F^ sin a cos a 
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and 

/    KS   ^ 

\12(1 - C2) (1 - M2)b2'   C 
t.\ 

(C   FTO sin a cos a\ 

1 - sin a cos a    / 

(1 - sin a cos a) 

At this stage in the sizing procedure, nothing is known about the 
diagonal tension angle because intermediate frame and stringer sizing is 
not known. However, if an initial estimate of 45 degrees is used for the 
diagonal tension angle, the foregoing cubic equation for thickness may be 
solved. TMs equation has one real positive root. 

Let 

K, 

K, 

12(1 -H2) b2 

C    F R   Tu sin a cos a 
1 - sin a cos a 

K, 
l - sin oi cos a 

then: 

2K, m w ni/2U/3 

iftr • ik)T ■ 't 
1/3 

Ch milled panels, the edges are checked against the net section allowable. 

L CR FSU 
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Cover Pressure Design 

The fuselage shell structure is sibjected to pressure from various 
sources.    Some of these sources are cabin pressurization, fuel, water, 
aerodynamics, acoustics, and nuclear burst.   The effects of acoustic over- 
pressures are discussed in the section en the prevention of acoustic fatigue. 
Aerodynamic and nuclear burst pressures are not evaluated, but can be defined 
to the program as hypothetical internal pressure. 

Cabin pressurization is a cyclic occurrence that subjects the cover to 
possible fatigue failure.    The maximum allowable stress to prevent fatigue 
is represented as a fraction of the material ultimate tensile strength.   The 
preprogrammed allowable represents a change from zero to peak pressure 20,000 
times during the vehicles useful life and a stress concentration factor of 
4.0.    This allowable can be revised to reflect the true spectrum by executing 
the fatigue module.    The margin of safety for strength design of maimed com- 
partments is 2.0 as opposed to 1.5 in unmanned sections.    The human environ- 
ment pressure is designated by a negative value of pressure (does not indicate 
a vacuum).   Strength and fatigue requirements are investigated to determine 
the design. 

Pressure due to fuel or liquids in compartments is also cyclic in nature. 
However, the dependency on usage, location, tank size, and vehicle maneuver 
spectrum makes fatigue evaluation a complicated analysis that is only investi- 
gated in the final vehicle design.    The pressure due to longitudinal head is not 
evaluated.    For the purpose of determining hydraulic pressure, the tank is 
assumed to be full for the vehicle maneuver condition which produces the 
maximum positive and negative load factors.   The load factor at the 
synthesis cut is: 

1 V 6 

where 

N Z = vehicle vertical load factor at the center of gravity 

Q = pitch acceleration 

R = the distance from the CG to the synthesis cut 

g = acceleration of gravity 
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Positive load factor is used to determine the maximum pxessure at the 
bottom of the tank. 

P.    »   P   + pN_.h 
i o        Zi 

where 

P  ■ vent space pressure 

P = liquid density 

h = vertical depth of the tank 

Conversely, the negative load factor is used to deteimine the maximum 
pressure which would occur at the top of the tank. The presence of decks 
and the location of fuel above and be law the deck detemdnes the design 
pressure for the upper, side, and lower quadrant panels. Should the tank 
encompass the total section, the upper cover is designed to the pressure 
due to negative load factor, and the side and lower cover panels are 
designed to pressure due to the maximum positive load factor. Should fuel be 
above a deck, the lower cover does not experience pressure. The side panel 
is designed for pressure due to negative load factor if fuel is below the deck. 

The shell internal pressure is reacted by the cover panels in either 
hoop tension, bending and diaphragm action, or by the combination of both. 
The covers on circular fuselage go into hoop tension. Flat fuselage panels 
resist the pressure forces by combined bending and diaphragm action in 
beaming the forces to the frames. Transports generally have circular fuse- 
lages; however, the majority of vehicles have shapes that are neither cir- 
cular nor flat. Iterative methods or Fourier solutions, which are means for 
determining cover stress on such irregular shapes, require more design 
definition and computer time than practical for a program of this nature. 
The assumption that the cover panel would support pressure either by hoop or 
by bending-diaphragm action gives reasonable results for the shape extremes. 
Further, if it can be assumed that one of these is the predominant load path, 
the intermediate shape requirements can be approximated. The path of least 
energy, that which requires the thinnest structure, is used to synthesize the 
structure. 
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The required cover thickness for hoop stress is based on the 
approximation of the radius of curvature. 

P R 
t = -^ 

where 

a   ■ allowable stress 

R ■ radius of curvature 
c 

Strip theory is used to evaluate the conbined bending diaphragm 
action.    The maximum cover stress occurs at the supports.   The bending moment 
is maximum at the edges, goes through   an inflection point, and is smaller 
at the midspan.    Cantoined bending and diaphragm action result in the second 
highest stresses occurring at the midspan.    Tlierefore, single-thickness 
covers are design by the stress at the edges.    Land thickness for milled 
cover panels is detemined by the edge stress, and the field thickness is 
determined by the stress at the midspcn.    The analytical solutions are expressed 
by numerical values of dimensionless coefficients in Reference 2.    This 
same information is presented as curves in the Royal Aeronautical Society 
lU'lf..      lit»'    lt>j.;   lev;  pld    (>l    llic-c   ilil\v<   (I-U'IMV   \i)   Sliggl'StS   U   IUUlK.M"ic;Jl 

Hi'j.». sim^i i.ui      llu- .1.-M i vut i.n» .'I thiikite>s». as :u\ c'xpluMt  fttwlion of tho<c 
variables is obtained by a curve lit approach. 

The curve fit approximation at the edge of the panel is: 

Kr—gd)] 
4-, 0.69412 

or 

i A^ u D0.894 „0.394 1.64b b P E 
a1.288 
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The midspan thickness and deflections are: 

J ™ ., 4. . -(55596 

f(^) — [l^]0-! 

or 

7 484 
1.3769 b P '^    ,,1.984 

t    ■    E 
a4.467 

and 

I - *■** [I (I) ] 
4T0.4 

or 

t   = 

v2/3 

0.071853 \E/      b (f)2  ^ 
45/3 

The deflection (Ö) is not used in fuselage shell synthesis, but is 
examined in duct design. 

In the foregoing equations, stress and pressure are in teims of limit 
rather than ultimate design.   This is a normal design practice when internal 
loads are dependent on deflected shape. 

The stabilizing effect of pressure on cover elements increases strength 
capability and flutter resistance.   The occurrence of design pressure and 
critical loads or flutter speed simultaneously is a question of probability 
and, therefore, this effect is not evaluated for cover design. 

98 



Local Panel Flutter, 

Critical panel flutter requirements are derived by the program through 
a process of checking mach-altitude points for each of the 23 possible flight 
loading conditions, and nine additional points on the limit speed envelope. 
The user has the option of inputing his own estimates of critical panel 
flutter parameters. These user inputs are checked against program-derived 
values to insure that all reasonably probable panel flutter conditions are 
adequately surveyed. This process does not evaluate subsonic flight conditions. 

The approach used to insure the prevention of local panel flutter is 
based on methods described in Reference 6. This approach consists of the 
determination of the mach number parameter and the baseline design parameter. 
The baseline panel thickness obtaineü by this approach can then be revised by 
correction factors. These correction factors are independently derived to 
account for in-plane loaded panels, pressure differentials, curvature, and 
other parameters that influence flutter design. 

The two significant parameters (in-plane stress and curvature) are not 
evaluated in SWEEP. The effect due to neglecting panel loading could intro- 
duce optimistic panel sizing, while the omission of curvature effects intro- 
duces conservatism in the analysis. 

Dynamic pressures and critical flutter parameters for flight conditions 
analyzed are derived in subroutine QCRIT. 

Dynamic pressures are derived using a curve-fit of standard day 
atmospheric properties as follows: 

•  For altitudes < 20,000 ft: 

Q - (M)2 11479.757 - 52.187(H) + 0.619868(H)21 

• For 20,000 ft < altitude < 70,000 ft: 

Q -  (M)2 11465.175 - 50.76695(H) + 0.6434412(H)2 - 0.002907194(H)3 

• For altitudes > 70,000 ft: 
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where 

Q ■ dynamic pressure, psf 

M ■ mach number 

H » altitude, ft 

The mach number effects are derived by a curve-fit approximation of 
Figure 14W.    The curve-fit equations are as follows: 

• For mach 1.0 to 1.4: 

F (M)    »   0.4851674 + 1.66456 (M-l)3 

• For mach 1.4 to 2.0: 

F (M)    *   0.488412 - 0.4037203 cos 

+ 0.4849271 J\f - 1 

• For mach > 2.0: 

F (M)    *   ß    «    7M2 " 1 

The baseline panel design curve   is shown in Figure 15. The curve 
used in SWEEP (subroutine FCOVER) deviates from the proposed baseline curve 
for values of L/W less than 2. This difference, although less than the curve 
presented in NACA TN D-451 which Reference 6 states as "excessive over design 
for some applications," reflects the current design practice. 

The curve-fit approximation for this parameter is as follows: 

.1/3 

PirM 

ra 
t/L   -  0n   -    0.5551841 

B 

0.1686944 (L/W) + 0.02169992 (L/W)2 

0.000963694  (L/W)3 
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Mach number 

Figure 14. Panel flutter mach number correction factor. 
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1 
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10 

q - dynamic pressure  (psl) 

w        I ■ modulus of elasticity 

t - panel thickness 

Figure 15.   Panel flutter parameter versus aspect ratio. 
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For values of L/W greater than 10, this curve-fit approach is not 
valid.    The value 10 is substituted for L/W should this condition occur. 
Although this assumption seems questionable, panels with aspect ratios 
greater than 10 rarely exist on fuselage structures. 

The baseline thickness is then determined 

v 
^    "[PCM) Ell/S fFCM) Ej] 

A single value for boundary layer growth length correction factor is 
currently used in this estimating procedure.   Ihis approach, although not 
applicable near the leading edges, is reasonably representative for the major 
portions of the fuselage. 

The critical panel flutter speed is determine by investigating the 
vehicle flight envelope in terms of mach Kyäber and altitude.   The flutter 
design point occurs when q/F(M) b is maximum. 

Acoustic Fatigue 

The acoustic environment on aircraft structures occu^ from propulsion 
systems and from turbulent boundary layer.    Jet engine exhaust is considered 
to be the primary contributor of detrimental noi^e and, as a consequence, 
progranned methods are oriented toward the prpvention   of structural failure 
due to engine noise. 

Jet engine noise is generated by turbulent mixing of the exhaust gas 
with the ambient atmosphere.    This noise is generally maximum on a conic 
surface of approximately 40 degrees off the nozzle centerline.    In the con- 
ceptual phase of vehicle synthesis, the prevention of this noise iirningement 
is as inportant a consideration as the structural requirements.   The pre- 
diction of acoustic isobars is not. within tbs capability of this program. 
The method requires prior knowledge of acoustic pressure in decibels overall 
(dboa), and approaches the structural synthesis on an   empirical basis. 

Noise measurement is a relative tern sased on a reference pressure, P , 
of 0.0002 dyne per square centimeter,  ;is defined ir. equation 1. 

*  "   2010«io(ls) « 

103 



The pressure is obtained by rearranging this equation as shown in 
equation 2. 

A 20/ P     - Po 10 ,,, oa (2) 

where 

-9 2 
Po   =   2.9 x 10     psi (0.0002 dyne/cm ) 

P       c   overall pressure (psi) 

Sound in air is a propagated pressure phenomenon.   The pitch is 
determined by the vibration frequency of the source, and loudness is deter- 
mined by its vibration anplitude.    A pure tone produces a sinusoidal distur- 
bance having equal positive and negative differential pressures about an 
atmospheric pressure level.   Engine noise is randcm with a wide frequency 
range.    One measure of pressure level is random spectrum decibels, db . 
Another measure of pressure level is overall decibels, db    , which for jet 
noise, can be represented by the approximate relationship^hown in equation 3. 

db     =* db   + 30 (3) oa r w 

The frequency spectrum shape of engine noise and the high-frequency 
cyclic nature of the structural response suggest designing to the material 
endurance limit under fully reversing load.   The approach then becomes a 
single-life approximation as opposed to a more rigorous solution for 
variable life. 

Reference 7 presents the relationship between various factors in the 
form of design nomographs.   The programned approach provides a numerical 
correlation between acoustic pressure, material property data, geometry, and 
construction with the design data presented in Figures 16, 17, and 18.   These 
charts, for the specific configurations tested, are considered to be 
adequate to predict an allowable sound pressure level for a given life 
within a *6 db range.   The 6 db range in the foregoing represents approxi- 
mately 100-percent deviation in pressure level.   On the basis of structural 
sizing, this deviation represents approximately 41-percent variation in skin 
thickness.   A significant contributor to this variance is the difficulty of 
measuring or predicting sound intensity.    Calculation of dynamic stress at 
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17-7 PH stainless steel,  sheet, plain, 
R - -1    r    - 180 kst tu 

6A1-4V Titanium, sheet, plain, 
R 1    F      - 170 ksl 

tu 

18-8 Stainless steel,  0.025 
sheet, plain, R - -1,  1/2 H 

20U-T6 Clad sheet,  plain, R - -1 

7075-T6 & 2025-T3 Clad sheet, plain, 
R - -1 

HK 31A-H2'» Mag sheet, plain,  R - -1 

db - 20 log (—T— ä .... reference strength 
—    Matl used  in acoustic test specimens 
•     Matl untested  in acoustic loading 

J L 1 1 I    ^ 
iov 10' lo" io- 10 10 10 11 10 12 

N - Cycles 

Figure 18. Relative fatigue strengths of materials under random 
excitation. 
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localized, fatigue-critical sites is at best a poor approximate procedure. 
Dependence on bodies of measured data, when available, is far preferable. 
The variation between conputed and measured stress ratios are on the order 
of ±3 db. Although confronted w: Ji these limitations, the solutions pre- 
sented in the form of design charts are useful for preliminary design trend 
data development. 

The correlation approach is based on approximating the chart results at 
109 cycles. Examination of standard s-n data, and the random s-n curve from 
Figure 19('J, indicate 109 cycles approximates the material endurance limit. 

The shell structure can be modeled as shown in the following sketch 
resisting pressure load. 

i Mini 
Assuming strip load distribution and pure bending theory, the maximum 

panel bending moment occurs at the supports. 

Mirtax   = 
12 (4) 

The panel maximum bending stress is shown in equation 5. 

a = Pb' 

2t4 
(5) 
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If the allowable stress,   a, is considered to be the endurance limit 
of the material, the thickness required can be correlated with test data 
as shown in equation 6. 

f6) 

tc   =    KchJpfr 

vrfiere 

K   - cover correlation constant c 

By similar analogy, the frame reaction, R, can be defined as shown 
in equation 7, and the frame thickness required takes the form shown in 
equation 8. 

*   -   ? (7) 

z a 
Pb 

(8) 

t£   =    Kf-JbP/ä 

whtr« 

Kf - frame correlation constant 

The correlation constants, Kc and Kf, for different structural arrange- 
ments are shown in Figure 20.    Figures 20a and 20b show fomed frame arrange- 
ment thickness requirements corresponding to the nomographs C^).    Figures 20(c) 
and 20(d) show the requirements with extruded angle arrangement which is used 
by SWEEP in the synthesis of minor frames.    The difference between the 
formed frame and the extruded frame cap thickness correlation factors is due 
to the difference in the rotational fixity and extra material at the radius. 
Similarly, the factors for T-section frame caps is 6.272 with single thickness 
panels and 5.018 with milled panel concepts. 
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m z _ 2.620b VT 
c     V^ 

(•) 

.      2.620 b W 

T 0.600 t 

6.272"^"^ 
U     f       v^ 

(b) 

Z. 
2.620 b V^P" 

7? 

7.025 yryT tf'   v^ 

„     2.620 b yr 

T 0.600 t 

5.62oVb~Vp~ 

(c) 

(d) 

Figure 20. Structural sizing to acoustic fatigue for various arrangements. 

Ill 



The structural requirements predicted by this approach are comparea 
with the sizing from the design charts in Tables 5 and 6 for 2024-T3 clad 
aluminum sheet. Comparisons for annealed 6A1-4V titanium and 180 ksi 17-7 
stainless sheet are shown in Table 7. Figures 21 and 22 show the S-N 
diagrams for these materials. 

The method discussed accounts for flat panel designs. Curvature 
correction is approximated by a curve-fit approximation of Figure 23. 

r2- = 1.0794 + 0.000143(X) - 0.076475/^j 

- 0.29969 (log X) 

where 

b = support spacing 

R ■ cover radius of curvature 

t ■ cover land thickness (flat) 

t ■ curved panel cover or frame cap thickness 

tf » flat panel cover or frame cap thickness 
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TABLE 5.    SKIN AND RIB CONSTRUCTION 

20Z4-T3 Al clad 

Kt ■ 1 

R 

n 

-1 

12400 

^R 
db oa 

P 
oa 

(psi) 
b 

(in.) 

tc ( in.) tf [in.) 
SWEEP Ref (7) SWEEP* Ref (7) 

118 148 0.0728 
4 
6 
8 

0.025 
0.038 
0.051 

0.024 
0.036 
0.049 

0.038 
0.046 
0.054 

0.038 
0.046 
0.053 

124 154 0.1453 
4 
6 
8 

0.036 
0.054 
0.072 

0.034 
0.052 
0.068 

0.054 
0.066 
0.076 

0.052 
0.063 
0.074 

130 160 0.290 
4 
6 
8 

0.051 
0.076 
0.101 

0.049 
0.072 
0.097 

0.076 
0.093 
0.107 

0.075 
0.090 
0.105 

134 164 0.4596 
4 
6 
8 

0.064 
0.096 
0.128 

0.061 
0.091 
0.124 

0.09r 

0.117 
0.135 

0.092 
0.113 
0.130 

140 170 0.917 
4 
6 
8 

0.090 
0.135 
0.180 

0.087 
0.127 

0.135 
0.165 
0.191 

— 

*Usin] g formed I frame fac tors 

113 



TABLE 6.   MILLED SKIN AND RIB CONSTRUCTION 

2024-T3 Al clad 

Kt ' 1 

R = -1 

n = «o 

a = 12400 

*R 
db oa 

P oa 
(psi) 

b 

(in.) 

tc (in.) tf (in.) 

SWEEP Ref t7) SWEEP* Ref (7) 

118 

124 

130 

134 

140 

148 

154 

160 

164 

170 

0.0728 

0.1453 

0.290 

0.4596 

0.917 

4 
6 
8 

4 
6 
8 

4 
6 
8 

4 
6 
8 

4 
6 
8 

0.015 
0.023 
0.030 

0.022 
0.032 
0.043 

0.030 
0.046 
0.061 

0.038 
0.057 
0.077 

0.054 
0.081 
0.108 

0.015 
0.023 
0.030 

0.022 
0.032 
0.042 

0.030 
0.044 
0.060 

0.038 
0.055 
0.074 

0.052 
0.078 
0.105 

0.030 
0.037 
0.043 

0.043 
0.053 
0.061 

0.061 
0.074 
0.086 

0.076 
0.094 
0.108 

0.108 
0.132 
0.153 

0.0.>0 
0.037 
0.043 

0.042 
0.051 
0.060 

0.060 
0.073 
0.083 

0.075 
0.090 
0.105 

0.107 
0.126 

*Using formed frame factors 
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TABLE S.    SKIN AND RIB CDNSTRUCTION 

2024-T3 Al clad 

Kt   "    1 

R   -    -1 

n   ■   «> 

<r   »   12400 

^R db oa 

P oa 
(psi) 

b 
(in.) 

tc ( in.) tf [in.) 
SWEEP Ref (7) SWF,F,P* Ref (7) 

118 148 0.0728 
4 
6 
8 

0.025 
0.038 
0.051 

0.024 
0.036 
0.049 

0.038 
0.046 
0.054 

0.038 
0.046 
0.053 

124 154 0.1453 
4 
6 
8 

0.036 
0.054 
0.072 

0.034 
0.052 
0.068 

0.054 
0.066 
0.076 

0.052 
0.063 
0.074 

130 160 0.290 
4 
6 
8 

0.051 
0.076 
0.101 

0.049 
0.072 
0.097 

0.076 
0.093 
0.107 

0.075 
0.090 
0.105 

134 164 0.4596 
4 
6 
8 

0.064 
0.096 
0.128 

0.061 
0.091 
0.124 

0.095 
0.117 
0.135 

0.092 
0.113 
0.130 

140 170 0.917 
4 
6 
8 

0.090 
0.135 
0.180 

0.087 
0.127 

0.135 
0.165 
0.191 

^ 

*Using formed I frame f ac tors 
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TABLE 6.    MILLED SKIN AND RIB CONSTRUCTION 

2024-T3 Al clad 

Kt 
= 1 

R s -1 

n = «0 

a ■ 12400 

^R 
db 

oa 

P 
oa 

(psi) 

b 

(in.) 

tc (in.) tf (in.) 

SWEEP Ref (7) SWEEP* Ref (7) 

118 

124 

130 

134 

140 

148 

154 

160 

164 

170 

0.0728 

0.1453 

0.290 

0.4596 

0.917 

4 
6 
8 

4 
6 
8 

4 
6 
8 

4 
6 
8 

4 
6 
8 

0.015 
0.023 
0.030 

0.022 
0.032 
0.043 

0.030 
0.046 
0.061 

0.038 
0.057 
0.077 

0.054 
0.081 
0.108 

0.015 
0.023 
0.030 

0.022 
0.032 
0.042 

0.030 
0.044 
0.060 

0.038 
0.055 
0.074 

0.052 
0.078 
0.105 

0.030 
0.037 
0.043 

0.043 
0.053 
0.061 

0.061 
0.074 
0.086 

0.076 
0.094 
0.108 

0.108 
0.132 
0.153 

0.030 
0.037 
0.043 

0.042 
0.051 
0.060 

0.060 
0.073 
0.083 

0.075 
0.090 
0.105 

0.107 
0.126 

*Using formed frame factors 
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TABLE 7.    SKIN ANU RIB CDNSTRIJCI'ION 6A1-4V TITANIUM AND I7-7I'II STIilil, 

6A1-4V annealed titanium 

F^     ■ 139,000 
tu 

Kt • ' 

R   =    -1 

n   =   « 

a   »   0.34 x 139,000   = 47,260 (Figure 22) 

Relative Strength Index   = IGdb C7) 

db 
r 

db 
oa fc«5 

b 

(in.) 

tc (in.) tf (in.)              | 

SWEEP Ref (7) SWEEP* Ref (7)     | 

130 160 0.290 
4 
6 
8 

0.026 
0.039 
0.052 

0.026 
0.038 
0.052 

0.039 
0.048 
0.055 

0.039        1 
0.047 
0.055 

17-7PH stainless steel 

tu 
=    180,000 

=    1 

R   =    -1 

n   =   «o 

ff   =    0.36 x 180,000 

Relative strength index   =    13 db 

64800 (Figure 23) 
(7) 

1      *R db 
oa fe) 

b 
(in.) 

tc (in.) tf  (in.)              i 
SWEEP Ref (7) SWEEP* Ref (7)     | 

130 160 0.290 
4 
6 
8 

0.022 
0.033 
0.044 

0.023 
0.034 
0.047 

0.033 
0.041 
0.047 

0.035        I 
0.043        i 
0.049        | 

*Using formed frame factors 

115 



< i 
o 
o 

< 

1 

m 

(/• 
H^^ 

*J V c > 
Mi i. 

& 
3 
U 

<• c 
n z a X 

O 1 

TT 

v 
0) 

p 
-o 
« 

mt  in 

ii 
I 

— o 
No    • o 

I   o    • 
— c*» — 
t- —   I 

III 
— I.   u 

«D   4J   O 
— (rt    4J 

« —   « 

52^ 

<0   « 

li 
•I I 

Ol c 
C   O 

ii 
-I   4J 

c I 
u c 
o o 

8- 
hi _l 

I    I 
V c il 
I»   O 
«- « 

g "O 
4J    C 

•w'iö 
(A   1_ 

NO 

? o 

X 

O ~ 
*" '5 
x «*- 

— o 

H     « 

-a- 
o + o 

o + 
J 2 

■H 
H 

.2 
T3 

i 

0) 

I a. 

o 
o 

o o 
ao 

o 

su9) )|n )3d -  ssssajis wniuixew 

116 



«o -o 
—    4) 
X £ 
(0   u 

4-1 
1       O 

c 
•o   c 
0)   => 
(A 
u 
0)   .. 
>   c 
0)   o 

ce — 
4-1 
ID 

• •     L. 
CT> 4-1 
c   c 
._    4) 
TJ    O 
(D    C o o 

V —  Ü 
> 

V-   «*- 
3 o o 
u 

0)   4) 
T. Q. a 

1 >« > 
>/) »- (- 

«nt 
MM 

1/) 
-s^ 

§ 
"- 
II 

I 
in 

CO 
Ul 

o 
X 

—     «.   o 
(0      o   o 

4) 

O 
O 
O 

o o o 

o 
o 
o 

*-> 

1 
O t/l 
o 9> u C/5 

3 

a 
5 
o 1^ 
4-1 

t^ 
M <-< 
0) ^ 
U ,o 
> 4-1 

o u 
o 5 
o B 
o S1 

o o o 

o o 

72 

* 
(N 

o 

■H 

«0 I 
a: 

SU33  3[n 33d  'ssssdj^s ujniu]xew 

117 



V 

o 
o 

c o 
•H 

u 

"I- I 
4-» 
CO 

U 

CM 

.1 

O 

-3- 

O o 

118 



A summary of sane of the assumptions and limitations of this method 
is as follows: 

1. The overall pressure level from jet engine noise is approximately 
30 db higher than the random spectrum pressure level. 

2. The accuracy of noise intensity prediction is on the order 
of ±3 db. 

3. Beam theory is a satisfactory approach for modeling the shell 
elements. 

4. The design to repetitive pressure intensity from jet engine noise 
can be correlated to the material endurance limit.    Polish 
specimen s-n data, K^ ■ 1, is a sufficiently representative 
strength index. 

5. The method is based on a limited amount of testing. 

6. The method does not consider panel aspect ratio, and is, therefore, 
conservative when aspect ratios approach 1. 

Minor Frames 

Subroutine MINFR calculates the minor frame sizing required for general 
shell stability, acoustic fatigue, and forced crippling due to postbuckled 
cover design.    Methods for sizing to prevent acoustic fatigue are included in 
the discussion of cover requirements.    Initial sizing is set at minimum thick- 
ness, which is checked against thicknesses required to satisfy the other 
criteria. 

Minor Frame Model 

The minor frames are assumed to be constructed as shown in the following 
sketch.    The geometry variables, frame depth (c) and cap flange width (b), 
are user input parameters.   Thickness is the parameter detemined by sizing 
calculations. 
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 ■ 

z. Cover   (outer mold  line) 

Given the foregoing frame geometry, the ring properties are as follows: 

Area 4 btR ♦ Ct, 

x-x U) •'«.. «f • > (¥) 
2     tX 

-'R(f-|)^ 

,   /Kr2 ^ 2b3     .2r\     ,3b      V tR\bc + —-bc;+tR ^+1I. 

]20 



since tR « b 

I « 
X-X 

^4   Je).*- 

If the simplifying assumption tw ■ t^/2 is made, the area and inertia 
equations may be reduced to a function of a single thickness. 

Area   -   AR   -   t, (tt ♦ §) 

Vx 4*?>4-&4) 
The eccentricity of the ring about the cover is: e = C/2. 

The radius of gyration of the ring about its neutral axis is: 

P 
^ 4 - b2C + ^ 3        24 

«      '        «..§ 

General Instability 

Tests are made to determine the required frame stiffness to prevent gen- 
eral instability failure.   ShanleyO) suggests the use of the following 
equation: 

C 
(BDjL 

f         T 
NflT 

121 
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where 

Cf « 1/16000 

L ■ frame spacing 

M ■ bending moment at the cut 

D ■ fuselage diameter 

Substituting and solving for ring thickness, 

C- M D2 

R   H^^^) 

Forced Crippling 

Covers on fuselage structures subjected to shear load are allowed to 
buckle. In the buckled state, these loads are supported by diagonal tension 
stresses. Axial loads produced by cover tension field are reacted by stiffen- 
ing elements (minor frames, stringers) that bound the panel. Since shear 
loads are maxinum at the midpoint of the side panel, this condition is evalu- 
ated for elements on the side sectors of the shell. 

Basic formulations for the prevention of forced crippling failure due to 
postbuckled design are taken directly from Kuhn^ and BruhnW. These 
methods have been modified to account for the condition where different mate- 
rials are selected for cover, longeron, and minor frame design. 

Cover sizing is established in subroutine FOOVER to satisfy strength and 
other criteria. Shear stress based on this thickness is compared against the 
critical shear stress to deteimine whether the panel is designed to a post- 
buckled condition; in which case, postbuckled design is evaluated. At this 
point in the sizing process, longeron (stringer) area has not been estab- 
lished. The longitudinal member area is required to define panel boundary 
support constraints. A first approximation is made for longeron area based 
on vehicle bending loads. 

MZ     MZ 
r 

^    I    A.ZZ2 
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MZ 

where 

Z ■ coordinate of the extreme fiber (fuselage half-depth at cut) 

}LZ ■ sum of longeron coordinates squared 

F = longeron material compression yield stress 

On stringer construction fuselages, the side sector stringers, particu- 
larly the stringer nearest the horizontal neutral axis is subjected to forced 
crippling loads. Minimum area is used as the initial estimate for the side 
stringers. 

The degree to which diagonal tension is developed is specified by the 
fraction K. This fraction is determined by the empirical formula; 

tanh (o.5 + 300^) log 
t D\      f s 

10 f 
scr 

with the rules that: 

1. If D/L >2, use D/L * 2. 

2. If L > D, replace D/L with L/D. 

wnere 

t  ■ cover thickness c 

f  ■ cover shear stress s 

f   ■ cover critical buckling stress 

D ■ stringer spacing or distance between longerons («side panel 
circumferential length) 

L ■ frame spacing 

RC ■ side panel radius of curvature 
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An initial approximation is made for the diagonal tension angle a. For 
longercn type construction, 

n 
Q Si  — 

4 

For stringer construction, the initial estimate is based on curve fit 
approximations of Figure 24, from reference 4. 

o =   o 
PUT \Qpm) 

where 

c*/om «   K 
,0.25J 

and 

7* 0.1443A 4 
m 1 * 0.175622A + 0.CI3411A2 

A   = 

D_ 
RC 

1 * 
. /Dt E       Lt E \ 
- \     c c +     c c\ 
7lA

s
Es    W 

where 

H 

cover modulus of elasticity 

stringer modulus of elasticity 

minor frame (ring) modulus of elasticity 
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PDT 

Figure 24. First approximation of the angle of folds. 
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Iho HKxiiilus oi   elasticity  ratios uiv  included  ui lüirümutei   A to UCCOLUII 
Cor material dilferences.    This first approximation for the angle o is the 
initial value in an iteration procedure that converges on a value for o and 
AR. 

Total axial load in the ring due to equal shear stresses on both sides 
of the ring is: 

?„   »   f   K t   L tan o RG s       c 

This load is supported equally by the ring and effective cover. Due to 
eccentricity, the total ring area is not fully effective such that effective 
ring area is: 

AR 

where 

e   ■   eccentricity of ring about cover 

p   »   radius of gyration of ring about its neutral axis 

The effective ring and cover area is then 

A =   A       + 0.5 L t    Cl-K) 
eEfr eRG c 

However, since cover material can differ from ring material, effective cover 
area is represented in terms of ring material and 

E 
A =A       +0.5Lt    (1-K) -— 

enr eRG C R 
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The stress in the ring is then 

f 
PRG     . fsKtcLtana 

RG A E 
^ A       + 0.5 L t    (1-K) ^ 

eRG C h 

Similarly, for stringer construction the stringer stress is 

f 
s 

K tan a 

A 
eRG4 

Ltc 
0.5 (1-K) 

E 
c 

fsr - 
P 
ST 

A 
e0r 

f K cot a 

Si          Ec 

The foregoing equation is based on the assumption that shear flow is 
approximately equal across the stringer nearest the horizontal neutral axis. 
On longeron construction, all of the vertical shear is reacted between the 
upper and lower longerons such that the shear flow in the upper panel is 
negligible.    In this case, the axial load in the longeron is 

psr '  £s K ^ fcot a 

and the effective material reacting this load is 

E 
A -   A       + 0.25 D t    Cl-K) =£ e e c F e0r        eST c s 

The longeron stress is 

fsr 
psr 
A 
eDT 

f K cot a 

2Ae           E 

Dt5" + 0'5 C1-« E
C 

c          s 
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Effective stringer area is defined in the same manner as effective frame area 

A e,— ,   v 2 e^        ^   . 

(f) 
The initial approximation of stringer/longeron area is assumed to be 

sufficiently representative of the effective area for the sizing procedure in 
subroutine MINFR.   However, the stringer sizing procedure in subroutine FBEND 
does take into account this effective area. 

Strain in the cover t  , ring «D, and stringer <   are defined as 
C K S 

f s 
E c 

2K 
sin 2a 

€R   " 

fRü 
ER 

£          « 
s 

£sr 
E s 

+ sin 2Q (1-KK1+, m 

where 

fx.   =   Poisson's ratio of cover material 

The angle o is related to these strains according to the following 
equations: 

For stringer construction, 

2 . c       s 
tan   a   ■ 

cc ■ vMie) 
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k«r longcMVii ti>iislnici u»ii. 

1 €  - € 

tan2a  . _    c   s 
2   2 

« - «„ + Tl-ib;! tan a R  8\RC/ 

Since the equations for loads, stress, and strain are interdependent, 
the initial estimate for the diagonal tension angle is used to obtain a new 
approximation. Three iterations are assumed to be adequate to converge on 
the angle er. This angle can then be used to determine ring requirements. 

The previous equation for ring stress gives an average value; to evalu- 
ate the ring requirements, the maximum induced stress is required. Figure 25^ 
provides plots of maximum stress versus average stress for different panel 
aspect ratios and degrees of diagonal tension. The mathematical approximation 
of these design curves is 

when L/D < 1.2, 

f 
R^MAX » 1.0 ♦ 0.78 (1-K) - 0.65 j-  Cl-K) 

RG 

and when L/D > 1.2, 

f RG MAX 
fRG 

The maximum ring stress is then 

/ f RG iMAX \ 
f RG MAX   \  f RG  / f RG 
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UMAX 
.0 + 0.78 (1-K) - 0.650 L/D (I-K) 

Where L/D ^ 1.2 

V\ 
1.0 

Where L/D >1.2 

When F refers to rfngs 
u 

L « frame spacing 
D - stringer spacing or distance between longerons 

Figure 25. Maximum stress versus average stress f r stiffeners. 
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Shear wrinkles in the cover tend to buckle the ring leg attached to the cover 
which, in turn, induces buckling in the outstanding leg.   Allowable ring 
stress for this failure mode (forced crippling) is presented as a series of 
design curves (Figure 26) and a material property constant.    In order to apply 
these curves to constructions with dissimilar Isotropie materials, plate 
flexural rigidity is considered. 

flexural rigidity   ■   Et 

The mathematical approximation of the design curves which includes the effects 
of material differences is 

when 0 < RC < 151.586, 

N   =    (18695 + 75.238 RC) K2/3(^-j     j-^j        =   A K2/3 M-j 

and when RC > 151.586, 

1/3 c 1/9        ,„ 1/3 

N = 30100 K2/ "ft) (?) ■ -"ft) 
The allowable ring stress is 

Kx„'m'kK [~] ' 
1/3 
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Ref:    Bruhn, Analysis and design 
of vehicle  structures,   1965 

30', 000 

25,000 

20,000 

15,000 

10,000 

5,000 

Figure 26.   Allowable stiffener stress factor. 
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where 

G - 
F     X 10 

cy 

I* \1/2 
1,88 I E^ + 0-002) 

F     ■ Ring material compression yield stress. 

If H » AG, and equating the allowable stress to the maximum ring stress, 

FRG Allow   "    FRG MAX 

If 

.„.(i)"
!.(W)_" K f   tan o 

s 

f 
[■•(5)1 L t 

+ 0.5 (1-k) =^ 
ER 

■ [mpüf) 
i3 

t    K 
c 

h 
(4b . |) 

1   + (I Lt 

X      =    O.s'd-K)-^ 
C ER 
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The equation may be written in terms of rlnj» thickness 

or 

'RCR^^C)
3
-^ ■ 0 

The solution for ring thickness can then be obtained by the use of Newton's 
method of iteration, 

and 

atR ■ 'VR^v^M'Rvy3 

t  . t  ^(^"b^ci3-". 
82 ra     3XbtRl(tR1

Xb*Xc)2MtRlXb*Xc)3 

where 

tR;.-   *    initial approximation of ring thickness 

tR2   ■   iterated value for ring thickness 

When the difference I tR2 - tj^l has converged sufficiently, the result- 
ant thickness may be tested against that dictated by minimums or general 
shell stability.    If this value is greater than the initial thickness value, 
the new frame area is used to determine a new value for o-, and the procedure 
is repeated. 

The foregoing procedure is repeated for the longeron to determine the 
induced compressive load.   The procedure uses the values of t^, o-, and K 
determined in the ring solution. 
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Longerons, Stringers 

The longitudinal member sizing is determined in subroutine FBEND to 
satisfy minimum area, forced crippling, bending strength, and stiffness 
requirements.    This method accounts for the differences in cover, longeron, 
and minor frame materials, and the effects of cutouts. 

Longeron Model 

The longitudinal member model shown in the following sketch is used in 
the evaluation of forced crippling loads due to postbuckled cover design. 
Stiffener (longeron) geometry is set up with flange width equal to web height. 
The programmed default value for height is 0.875 inch.   This may be overridden 
by user input. 

L . j Cover  (outer mold line) 

Kb 

^T 

i. 
f~T 

1 

Area   =   A
s   =   ts (3b + Kb)    =   t b (3 + K) 

As Y - tgb | ♦ tgbKb = tsb
2 (0.5 + K) 

/0.5 *  K\ 
\ 3 + K / 

X-X 
2tSbe2 + -T2-+tSb(|-e) +tsKb(b-e)

: 

tSb 2e2 + 12 +(l" e)2+ K (b ■ e): 
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Forced Crippling 

Induced compressive loads from postbuckled shear panels are calculated 
by the procedures discussed for minor frame forced crippling design.    Since 
minor frame sizing precedes longitudinal member sizing, the following infor- 
mation is available. 

t     =   cover thickness c 

f     ■   cover shear stresss s 

f        =   cover critical crippling stress 

K   a   degree to which diagonal tension is developed 

o   =   diagonal tension angle 

The stress, as previously defined for stringer construction, is 

fST 

f   K cot » s 

D t    * 0'5 (1-K' E c                       s 

and, for longeron construction. 

f   K cot o s 
51 2 Ae E ST e 

+ 0.5  fl-K) D t '  v    nj E c s 
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where 

D - stringer spacing or distance between longerons 

E ■ cover material modulus of elasticity 

E • longeron material modulus of elasticity 

Sizing to allowable stress is acconplished by the iteration procedure 
described for minor frames. The maximum induced axial compressive load can 
then be obtained. 

Pmax ' (^jlM 

Stringers on the side sector are sized to satisfy this condition. 
Stringers on the upper and lower sectors are not affected since this load is 
based on shear at the midpoint of the side panel.    For longeron construction, 
the shear flow is nearly constant between the upper and lower longerons; the 
compressive load is reacted by the longerons. 

Bending Strength 

Longitudinal member sizing is dependent on the contribution of all com- 
ponents that resist bending loads.   This method accounts for the difference 
in behavior of cover elements under tension load versus the behavior in com- 
pression.   Cover material, should it differ from longeron material, can also 
have different strength and elastic properties. 

The assumption that plane sections remain plane simplifies the estimating 
approach.   The practice of using a margin of safety of 1.5 in analysis and 
metal deformation characteristics results in stresses at limit load occurring 
in the elastic range. 

The stress at any point on the shell is then proportional to the extreme 
fiber stress according to the relationship of vertical coordinate versus 
extreme fiber coordinate.   The maximum allowable extreme fiber stress for the 
longeron and covers are established as follows: 

Longeron   ■   ' max,   »   0.9 Fey (long) 

Cover   a    * max     *   0.76 Ftu (cover) 
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The cover limit is set to account for the presence of rivet holes. The 
extreme fiber stress for longeron material is established as previously noieJ. 
Due to elastic behavior differences, the cover stress at the same strain is 
determined by the ratio of modulus of elasticity. 

E 
max     max. i m 

Should this maximum cover stress exceed the allowable for the cover, the 
limiting factor is cover stress, and the maximum longeron stress is modified 
according to the strain relationships. 

Bending moment is assumed to be reacted by an internal coupled force 
system. Thus, in the case of down-bending, the upper half of the shell sus- 
tains tension loads and the lower half, compression loads; half of the 
moment is reacted in each half. The discussions that follow are indicative 
of the down-bending synthesis. Up-bending is investigated by using the same 
approach with the exception of a reversal of loads in the elements. 

The cover is totally effective in the tension sector of the fuselage. 
Cutouts eliminate cover contribution; proximity to cutouts degrade the effec- 
tiveness of covers. The width of cutouts at other synthesis cuts combined 
with the longitudinal displacement and a shear lag slope of 2 to 1 is used to 
determine the apparent effective width. The moment reacted by the upper cover 
in tension is: 

1 ' max   .      /•■ max \ / T v /™i  »m 

where 

d ■ fuselage depth 

fl/t) ■ cover inoment of inertia as a function of thickness v 

BU ■ upper panel peripheral length 

RTU - apparent panel degradation due to proximity of cutout 
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The side cover panel contribution to bending is considered to be 
insignificant. The moment reacted by the upper half of the side panel 
stringers, sizing for which is determined by induced cempressive load or 
minimum area, is: 

Ac <r A- «r 

„    -. ZA       ""<,,» .    rani \ Ms   ■   r'l Z As    ■        d/2       ZZ     ■ d/2      [Tl a v 

where 

(I/As)  ■ side stringer moment of inertia as a function of area 

The moment reacted by secondary longitudinal members (MSL) is calculated 
in the same manner as used for side stringers. 

The moment to be resisted by the primary longerons or upper stringers is 
then the difference between the total moment and that resisted by the cover, 
side stringers, and secondary longerons. 

MEXT 
\     "s " "'SL S^ - --^ - Nt - Mc - M. 

The longeron or stringer area (A^) to resist this moment is then deter- 
mined as follows: 

w -k     »"ax /1 \ 

\ ■ 

ltJ/2 
(T 

max 
v t\\ 

For stringer construction in the presence of cutouts, some of the 
stringers are not present or are not effective.   The moment that these 
stringers should have reacted are assumed to be resisted by cutout longerons 
which bound the cutout.   These elements are located at the lateral edge of 
the cutout.   The moment to be resisted by these longerons are 
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M 
CO \m 

and the area of these elements is: 

where 

7 

M     d/2 
(      . co _  
00 'max   2(Z)2 

vertical coordinate of cutout longeron 

The conpression sector synthesis is similar to the tension sector evalu- 
ation.   One major difference is the effectiveness of the cover in compression. 
PeeryCS) suggests the use of the following equation for determining the criti- 
cal buckling stress for thin-walled curved sections. 

CCR 
/t\5/3 m1'3 

W   + 0-16 r) 
K    IT 

c 

IZCl-tO ® 

If the critical stress calculated by the foregoing equation is greater 
than the maximum allowable cover stress, the compression cover is totally 
effective. The moment carried by the cover is then calculated in the same 
manner as used for the tension cover. A critical stress less than the 
allowable cover stress indicates a buckled sheet. In this instance, Peery 
suggests the following approximation for effective cover width at each stringer 
or longeron: 

u> » 1 .7t/3~ 
V FCCR 

For stringer construction, this width is tested against stringer spacing 
which is not to be exceeded. The effective area of cover can then be assumed 
to be located at the stringer coordinates. The moment carried by the cover 
is then equal to: 
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M, 
max  T c / I 

t     d/2 
ft) 

Should cutouts affect the stringers, the equation takes the following 
form: 

t W (T 
max 

MC '   d/2 C 
/I v /BL-RTL\ 

where 

BL ■ lower panel peripheral length 

RTL ■ apparent panel degradation due to proximity of cutout 

For longeron construction, another difference is evaluated. The induced 
compressive load due to postbuckled shear panels is combined with the axial 
load due to bending. Should the stress level due to the combined loads be 
greater than 0.9 Fey, the synthesized area is revised to satisfy this 
constraint. 

Bending Stiffness 

Bending stiffness of fuselages is both load and direction dependent. 
Fuselage shell structures, unlike lifting surfaces, are designed to post- 
buckled strength, such that stiffness is dependent on the condition of the 
structure under load. Stiffness is highest under low load, and decreases as 
structure goes into the buckled state. Up-bending stiffness is usually less 
than down-bending stiffness due to the greater number of holes in the lower 
fuselage. The method taken in assessing bending stiffness requirements is to 
assume the buckled state. 

The down-bending stiffness of the synthesized structure is tested 
against vertical bending stiffness requirements. For longeron construction, 
incremental stiffness is provided equally by the upper and lower longerons. 
The stringers in the upper and lower sectors are treated in the same manner. 
Should cutouts or their effects exist in the upper or lower sectors, the 
incremental stiffness required is provided by the cutout longerons rather than 
the stringers. 
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Side-bending stiffness is tested after vertical bending stiffness has 
been evaluated.   For longeron construction, the incremental stiffness is pro- 
vided equally by the upper and lower longerons.   Side stringers provide the 
additional stiffness for stringer construction fuselages. 

Bulkheads 

Pressure bulkheads are located at structural synthesis cuts by user 
det-ermined input. Design parameters for these bulkheads are determined in 
si Jroutine BLKHDS which calls subroutine DBLKHD to calculate the structural 
sizing. Assumptions used in this approach are: 

1. Construction is stiffened sheet design simply supported around the 
periphery 

2. Strip theory provides an adequate definition of maximum bending 
moment. 

5. Stiffeners are of constant cross section based on the maximum bend- 
ing moment, at equal spacings, and oriented parallel to the shortest 
bulkhead dimension. 

4. Web thickness based on maximum pressure is constant throughout the 
bulkhead surface. 

5. Minor frame material is used for bulkhead construction. 

'>ometry 

Geometric parameters are calculated in subroutine GJ1GB0 by methods 
described in the internal geometry discussions. Data provided by subroutine 
GJ1GE0 are: 

ANTF, ANTA Surface area of bulkhead enclosing compartments forward 
and aft of the cut, respectively. 

PERF, PERA Peripheral edge of bulkhead iirmediately forward and aft of 
the cut. 

PRDF, PRDA Peripheral edge of bulkhead at juncture with decks or shrouds 
immediately forward and aft of cut. 
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UEPF, DEPA   Vertical beaming distance between bulkhead edges. 

WIDF, WIDA   Lateral beaming distance between bulkhead edges. 

Bulkheads may encompass the total cross section at the cut, that part of 
the section above a deck, or that part below a deck.   These bulkheads can also 
serve the purpose of separating two pressurized compartments. 

Pressure and Design Criteria 

Pressure may result from cabin pressurization or fuel (hydraulic) head. 
The types of pressure loading that can be encountered are shown in the follow- 
ing sketch. 

n b 

j-M 
UNIFORM 
LOADING 

U'^ 
TRIANGULAR 
LOADING 

TRAPEZOIDAL 
LOADING 

Uniform loading occurs from cabin or equipment compartment pressuriza- 
tion. If the source is due to cabin pressure (personnel environment), the 
limit to ultimate design factor is 2.0. For equipment compartment pressure, 
the factor is 1.5. When the bulkhead is designed for either loading, the 
allowable stress may be limited by fatigue. Design tensile stress under 
limit load is the minimum value of: 

1. f. 
TU 

limit to ultimate factor 

2. ft « KR FTU 

143 



where 

FTU   ■   material ultimate tensile strength 

K-   -   reduction in allowable due to fatigue 

Triangular loadings occur from fuel head.   Trapezoidal loadings result 
from the combination of fuel head and vent pressure.   Riel pressure results 
from vehicle maneuver such that both positive and negative maneuver load 
factor conditions are examined. 

Subroutine DBLKHD is called to calculate sizing to these design param- 
vcers.    In the case of fuel loading, sizing for minimum gage, pressure from 
maxinum positive load factor, and pressure from maximum negative load factor 
are conpared to determine the design condition.   Should the bulkhead sepante 
two pressurized compartments, sizing is determined by evaluating each loading 
separately while assuming that the other is nonexistent. 

synthesis 

Bending moment per unit width for the pressure loading is 

P2 LX  P2X
2  P1LX  P1X

3 

M " ~1    r" + "6    a" 

The solution for X that detemines the maximum moment is 

-LP2 
X -  * 

pi 

If K is used to represent the value of X obtained from the binomial solution 
in the following manner, 

K - X/L 
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and is substituted into the moment equation, the maximum moment is 

•w-^MWM) 
The model of the assumed structure is shown in the following sketch 

Area and inertia of the stiffener including effective skin are: 

A-4tH*2tH=6tH s s s 

I    -   4 t   H3 + | t    H3    =    ^ t   H3 

s 3    s 3     s 

Second-order terns of thickness are assumed to be negligible in the inertia 
calculation. 

The sizing approach searches on stiffener spacing for miaimum effective 
thickness within the following constraints. 
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2 s d < 12 

1 < H < 5 

0.025 < t 

0.025 < tw > tL/2.5 

Ml of the foregoing constraints can be controlled by user input parameters. 
Stiffener spacing search is initiated at minimum spacing (2 inchesj and con- 
tinued at fixed increments where three values of effective thickness are 
obtained.   A three-point curve fit solution is used to determine optimum 
spacing. 

Web sizing is based on combined bending and diaphragm action between 
stiffeners.   Webs are assumed to be milled between supports.   Thicknesses are 
derived by the curve-fit approximation of theoretical plots (Figure 13) pre- 
sented in the discussions of cover pressure design. 

tw    = 
1.3769 d (P + p  j2.484 E0.394 

4.467 

1.646 d^.p/'894^984 

Z 1.288 

Stiffener sizing is based on defining a geometry that satisfies flange 
crippling at compression yield stress.    The flange crippling equation is: 

f       =   C cc e ^a): 3/4 
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where 

b    »    H/2 

t    -    2t 
s 

E   ■   modulus of elasticity 

Fey   ■    compression yield stress 

C     =    0.312, flange crippling coefficient for one edge free 

Equating crippling stress to yield stress 

r—r.f4 f
cc ■ F^ • cevFcyElTf/ 

and letting 

B 
Fey 

H 

ce >[FH7"E 

4t s 

B4/3 

Having established the relationship between flange width and thickness, 
the actual stiffener, sizing can be determined. Flange stress in bending is 

fey   = j  = 14   3 !S     2 
1 — tH*        14t vr 3  s       s 
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Substituting for H and solving for thickness, 

Fey   *   — 
224 t 3 

s 

t /SMEW'3 

s    ~   \224Fcy/ 

and, as defined initially. 

4t 
H   =        S 

B4/3 

In the case where the design is within all constraints, the equivalent thick- 
ness is 

1.1 H(tL - tw)      4Hts + H(2ts - tL) 
t    =     tw +  ;   +  :  

This procedure is repeated for three different spacings to determine the opti- 
mum; then a final pass is made using the optimum spacing (d). 

Weight 

The weight of the bulkhead is then obtained by multiplying area, effec- 
tive thickness, and material density. An edge member in the form of an angle 
with 1.5-inch legs and the thickness equal to the equivalent thickness is 
also added to the weight caldlation. 

Major Frames 

Major frames are sized to edistribute loads from external components 
supported by the fuselage. These loads are calculated and stored by sub- 
routine FLDDT for use by the frame evaluation routines. 
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hrame weight estimating procedure consists of determining the external 
forces, defining the geometry, calculating the internal ring loads, sizing 
the ring elements, and then calculating weight. These operations are organ- 
ized in the following grouping of subroutines: 

1. FFRME    Controls the frame weight estimating process by organiz- 
ing load data and calling the geometry and internal load 
routines to calculate sizing and weight. 

2. FRMND1   Calculates the coordinates of synthesis cuts around the 
periphery of the frame. 

3. FRMLD    Calculates the internal loads at the midpoint of each 
ring segment. 

4. SFOAWE   Calculates sizing at each ring segment based on loads and 
ring weight from this sizing. 

Fifteen different frames may exist on a given configuration. Presence of 
these frames are indicated by the actual fuselage stations at which they 
occur. Should loads fron different sources be specified at the same station, 
they are combined to form a composite loading on a single frame. Loads from 
three different sources may be introduced on a single frame as may occur if 
the landing gear, wing, and nacelle were supported at the same fuselage sta- 
tion. Loads from external components are provided in pairs of left and right 
side loads. Therefore, three sets of loads may be introduced at six differ- 
ent points on the ring. These load sets, in the fom of vertical loads, 
lateral loads, and bending moment, are calculated for each vehicle design con- 
iition. Magnitude and direction variations of these loads are such that parts 
of the ring may be designed by different load conditions. 

The elastic center method  is used to derive internal ring loads at as 
many as 60 peripheral segments. In this approach, ring distortions due to 
axial and shear forces are neglected, based on the premise that these distor- 
tions are small compared to bending distortions. Another assumption is that 
unbalanced external forces are reacted by a continuous outer cover. Itera- 
tion on internal loads, sizing, and flexibility are not included in this 
approach. Computer central core time for a typical fuselage run is approxi- 
mately 12 seconds; frame evaluation without any iteration on flexibility 
accounts for 85 percent of this time to estimate approximately 15 percent of 
the fuselage weight. Refinanent provided by iteration cycles would not be 
commensurate with the overall estimating philosophy. 
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Liecmetry 

Shell geometry at the frame station is determined by interpolating 
between shell synthesis cut geometric data. This geometry defines the outer 
cap contour as well as the cover shear path. The contour data is then used 
to detemine the coordinates of the synthesis cuts. Cuts are located at 
equal angular displacements about the axes of symmetry with the first and last 
cut at the top centerline of the ring. Since ring structure is within the 
mold line, the neutral axis is then defined to be inward a distance equal to 
half the frame depth. In the following sketch and discussions, the subscript 
1 designates a cut, j designates a segment, and jj the total number of segments. 
The program divides the periphery of the frame into segments of equal length 
(DLSj). 
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Perimeter of the out^r cap (P), perimeter of the ring (PP), and the 
enclosed area (AREA) are calculated by the following summations 

EDLS, 

PP LDLSP. 

dA. 
J 

0fw) (v (Y.) (Z. J 

AREA EdA. 

For most fuselage rings, the Z-axis is the axis of symmetry for both ring 
geometry and flexibility. Therefore, the rigid am in the elastic center 
method is assumed to be attached to the top centerline of the ring. The posi- 
tive sign convention and location of redundants, external forces, and shear 
flow are shown in the following sketch. 

(External Forces) 

(YE, ZE) 
1   (Load coordinates) 

Q (Shear flow) 
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Since one of the assumptions is that frame flexibility is constant, 
unity may be used for stiffness (Ij), and the elastic center and the geometric 
neutral axis are identical. The elastic center (ZZF) is determined by: 

_ ZPB. DLSP. 
V _J 1 
L          I. 2ZB. DLS. 

ZZF «  ^  ■  S ^ _DLSP. 2:DLS. 

The section inertia about the two reference axes are: 

i? DLS. IOZ  =  SYB? DLS. 

2 
s =  SjZB. - ZZFj DLS. 

I0Zc =  SYPB2 DLSP. 

IOYn =  2/ZPB. - ZZF\2 DLSP. 

The subscripts s and F are used to designate shell and frame, respectively. 

Loads 

Sunnation of the external forces on the ring determines the unbalanced 
forces which are reacted by shell shear flow.« 

V =  2EV 

H =  ZEH 

T ■  T.m -   ZCEV) (YE) " SEH (ZE - ZZF) 

Shear flow at each cut due to unbalanced forces is calculated in the 
following manner: 

fFl V DLS . (ZB  -ZZF)  "Ü,1 H DLS . YB . 
n-1   n-1      V    n-1  n-1 

wi   Z       IOY        L IOZ 
n«2 n-2 
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Since the foregoing calculation of shear flow due to horizontal unbalance is 
in error by a scalar quantity, an aJJitionai unbalance is intruUuceJ. This 
torque is 

jj  i   • 

T, " 1  ^-T^ [(Yi+i - Yi)(ZBi ■ ZZF) " (zi+i " V ^ 
i-l 

The correct shear flow at each cut is then obtained by adding a constant 
shear flow that satisfies torque balance to the initial calculated value. 

^i *i        2 AREA 

Static ring loads, assuming the r:.ng cut at the top centerline and fixed 
at the other end, are calculated by coribining the effects of the external 
forces. The static moment at any cut is: 

M. - Y (   , MlU -Z JCYP.-YB .)-(¥ -Y JCZP.-ZB .)! i   £, \      2  /f n n-rK   i  n-l'  n n-1^ i  n-1 J 
n-2 

PSI 

2  [-EMö + EVa (YP. YE ) + EV (ZP. =.'] 
o'O 

The static vertical force at a cut is 

PSI. 
i 

vi ■ Si^r^k-wS EV<. 
n«2 a-0 
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The static horizontal force at a cut is 

. PSI. 

n«2 a-0 

Due to ring symstry  about the Z-axis, the redundan^s at the elastic 
center are calculated by the three independent equations. These equations 
are further simplified by the assunption that ring flexibility (El) is 
constant. 

BMO 

I« = 

VO 

VM DLSP 
Z  El       ZM DLSP 
VDLSP  '     PP 
Z El 

VM (ZPB-ZZF)DLSP 
Z    El  m        ZM (ZPB-;:ZF) DLSP 

2     * '      IOY V(ZPB-ZZF) DLSP F 
Z     El 

M YPB DLSP 
El Z M YPB DLSP 

YPB2 DLSP I0ZF 
El 

The net internal ring bending moment, shear, and axial loads at any seg- 
ment are obtained by taking the average of the loads at bounding cuts and the 
loads due to the redundants. 
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BMO 

BEN.    =    EMO + VO YPB. + HO (ZPB.  - ZZF) 
J j j 

/M.  + M.   , \ 

VO 

w. 
J 

•(^k.-v[-(^): fzin-zi' 
DLS. 

J 

VO 

M. 
J 

• (^)1 <wv • I»-(^l ",..■'.. 
DLS. 
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Synthesis 

The sizing approach assumes shear resistant webs with the caps 
determined by material allowable and flange crippling. Frame stiffeners are 
assumed to be one gage greater than the web gage. The structure model and 
geometric constraints are shown in the following sketch. 

TCAP *  tmln 

FD 

Bft rf- rr\                     A 

r                                            i 

-> 

1 

>tmln 

BC2 > ,.   . 
—z bmln - 

Ring segments are sized IOT each external load condition and compared 
with minimums and sizing fron the previous load condition. Since each load 
condition may be at a different structure design temperature, material prop- 
erties at the appropriate condition are used. The maximum cap load at a 
segment is 

FA. 
J 

BEN. 
J 

FD 
♦ 

AA. 
y 

2 

Cap area that satisfies strength is 

FA. 
A  = ir-E1- c   K Fey 

where 

K   =   reduction factor on allowable stress (0.9) 

Fey   ■   frame material compression yield stress 
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Flange crippling allowable is 

^    E     (2 TCAP\2 

hCCR   "    "  ~    2.    \   BC2    I 12 (I-JA ) 

where 

K     ■   flange crippling coefficient (0.426) 

Equating strength and crippling stress and solving for cap thickness, 

K Fey   -   F 
Kc ^    E     /2TCAPv2 

OCR ,, M    2.   \ BC2 12 (l-y. ) 

12 TCAPT 
\ BC2     / 

2TCAP 
BC2 

K Fey 12Cl-ti ) 

K   IT2 E c 

TCAP 
AC    /KFcy 12(l-p2) 
2      '       Kc.

2E 

Web shear strength is 

Wj 

su FD TW 

where 

F  » frame material ultimate shear strength 
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Making the web shear resistant and equating shear stress and crippling 
stress, the web thickness is 

F 
SCR 

K IT
2
 E 

s  

IZd-ji2) 
(ff 

w. 

FD TW 

where 

K  * shear crippling coefficient (7.5) 

TW 
W, FD 12 (1-ji ) 

1/3 

KSIT E 

The final web thickness is the maximum of that required for shear resistance, 
shear strength, or half the cap thickness. 

After all load conditions have been evaluated, the frame weight is cal- 
culated by the summation of cap web and stiffener volume. 

TWT   -   ^     BB2.  (WW.+0.005) + TOC. 2 BB2. ♦ TOW. FD   DLSP.RHO 

where 

BB2. 
J 

BC2, cap width at a frame segment 

TWW. 
J 

TW, web thickness at a frame segment 

TCC. - TCAP, cap thickness at a frame segment 
J 

RHO frame material density 
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WEIGHT J-STIMATION 

Weights of individual components are calculated in various functional 
routines at the detail weight level. Figure 27 shows the output summary of a 
typical transport fuselage run. This table presents the component weights in 
the AN-9102-D reporting foima:. 

BASIC STRUCTURE WEIGHT 

Sizing of the primary load-carrying members are calculated according to 
individual requirements as previously discussed. However, due to the com- 
plexity of certain component design requirements, statistical and empirical 
formulations are used to estimate the weight of these items. 

Bulkheads and Francs 

Bulkhead and frame weight estimates are made for primary flight and 
ground load redistribution members, pressure bulkheads, pilot ejection frames, 
and ramp redistribution structures. Load redistribution frame weights are 
calculated in subroutine SPOAWE from peripheral sizing of caps, web, and 
stiffeners at as many as 60 ring segments. Bulkhead weights are calculated 
in subroutine BLKHDS for an equivalent thickness established by pressure 
requirements. The applicable bulkhead surface area is determined by 
compartment definitions. 

Fighter, attack, and bomber aircraft in which emergency escape is 
provided by seat ejection require rail support frames. The weight estimate of 
a 20-pound frame for each crewmember is a statistical approximation. Should 
an improved estimate be available, this weight can be modified by user pre- 
scribed input data. This calculation is accomplished in subroutine MISCWT. 

Cargo loading ramps on transport vehicles are hinged off a support frame. 
The critical loads for the design of these frames occurs in the process of 
cargo loading when tracked vehicles crest at the hinge line and all of the 
weight is supported by the single ramp frame. The weight estimating approach 
assumes that the weight of the tracked vehicle that is to be carried by the 
transport is a function of the fuselage cross section. The statistically 
derived value of 0.77 pound per inch of ring periphery is used to estimate 
this item. This unit weight can be revised by user input data. 

159 



***  BODY GROUP *** 
BASIC  STRUCTURE 

BULKHEADS AND FRAMES 
351.00 
998.00 
058.00 
73^.00 
958.00 
6^1.00 
728.00 
31A.00 
272.00 
A52.00 
398.00 

MINOR FRAMES 

JOINTS,   SPLICES AND FASTENERS 

COVERING  - UPPER BETWtEN LONGERONS 
- SIDE BETWEEN LONGERONS 
- LOWER BETWEEN LONGERONS 

COVERING LONGITUDINAL STIFFENERS - UPPER BETW.  LONG. 
- SIDE BETW. LONG. 
- LOWER BETW. LONG. 

LONGERONS - UPPER 
- LOWER 

ENGINE DRAG 

LONGITUDINAL PARTITIONS -   (STRUCTURAL) 

FLOORING AND SUPPORTS -   (BASIC STRUCTURE) 

FITTINGS 

TOTAL  -  BASIC  STRUCTURE 

168.3 
1531.9 
105.9 
368. A 

842.7 
98.8 
70.9 

402.1 
42.6 

526.9 
141.7 

1885.4 

609.6 

903.3 
2234.4 
797.8 

539.0 
1179.2 

713.3 

524.2 
453.7 

0.0 

1164.2 

3421.1 

130.8 

18855.9 

Figure 27.   Fuselage program output summc 
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SECONDARY  STRUCTURE 

ENCLOSURES   (EXCLUDING TURRET ENCLOSURES) 0.0 
CANOPY  - PILOT 

WINDSHIELD   (EXCLUDING BULLET PROTECTION) 298.6 

WINDOWS AND PORTS  INCL.   FRAMES 300.5 

WINDOWS AND  PORTS - CABIN 6.3 

FLOORING AND SUPPORTS  (SECONDARY STRUCTURE) kOk.k 

STAIRWAYS AND  LADDERS   (FIXED) 32.4 

NOSE RADOME 96.3 

SPEED BRAKES -  STRUCTURE AND  SUPPORTS 0.0 

TOTAL  SECONDARY STRUCTURE 1138.6 

(DOORS,   PANELS AND MISCELLANEOUS) 

AREA-SQ. FT 

163.0 
32.9 

863.9 
164.5 

385.3 
108.5 
65.7 

1117.4 
1071.4 
427.8 

DOORS AND  FRAMES 
- MAIN GEAR 
- NOSE GEAR 

- AFT CARGO 
- AFT  RAMP 
- PRESSURE 

- BOMB 0.0 0.0 

- GUN 0.0 
- AMMO 0.0 
- ESCAPE 24.2 471.9 
- ESCAPE 18.5 185.0 
- PARATROOP 42.4 466.4 

Figure 27.    Fuselage program output summary (cont). 
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AREA-SQ. FT. 

- ENTRANCE 12.2 122.0 

- ACCESS 133.3 

P;^ELS (NON STRUCTURAL) 
- SPOILER DEFLECTOR 20.0 
- MAIN GEAR POD 700.0 llSl.'f 

WALKWAYS, STEPS, GRIPS 168.2 
ANTI-SKID PROTECTION 58.9 
FAIRING AND FILLETS 0.0 
EXTERIOR FINISH 0.0 
INTERIOR FINISH 248.6 

TOTAL SECONDARY STRUCTURE (DOORS, PANELS, MISC.)                    6680.6 

TOTAL - BASIC STRUCTURE 18855.9 

TOTAL SECONDARY STRUCTURE 1138.6 

TOTAL - BODY GROUP 26675.1 

Figure 27. Fuselage program output sunmary (concl), 
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Cover, Minor Frames, Longerons 

Cover panels, minor frames, and longerons (stringers) are sized for 
strength, stiffness, and other design requirements in the shell analysis design 
loop. Cover thickness to satisfy torsional stiffness requirements are cal- 
culated separately in subroutine GJ1GE0. The weight calculations for these 
structural elements are performed in subroutine FWEIGH. The weight calcula- 
tions differ according to segment location, cutouts, and sharp or normal 
geometric transitions. 

The nose and tail segment weight calculations assume constant cover 
thickness, minor frame size, and stringer area from the first and last synthe- 
sis cuts, respectively. To avoid weight duplication, a check for the 
presence of nose or tail radome dictates the need for these segments. 

The segment in which a sharp geometric transition, such as at the start 
of duct inlets, is specified as segments less than or equal to 2.0 inches in 
length. Weight, in this instance, is calculated using structural sizing data 
and geometry for the aft edge of the segment. Covers and stringers in the 
upper, side, and lower quadrants are sized and weighed separately. Should 
cover panels be milled, weight per linear inch calculated at the bounding 
synthesis cuts is based on stringer spacing, frame spacing, land widths, and 
the difference between land and field thicknesses. 

Cover thickness to satisfy torsional stiffness requirements can take a 
radical step at the synthesis cut due to the presence of cutouts; this 
difference is provided as two thickness values at each cut. Should cutouts 
exist in the upper or lower quadrants, weight calculations are based on the 
remaining panel geometry. Side panel cutout penalties are not evaluated in 
this program. However, should side cutouts be defined, a rule-of-thumb side 
cutout penalty equal to four times the material removed is added to the cover 
weight calculation. This penalty accounts for additional material required to 
beam the loads around the hole. 

The weight of primary longerons, secondary longerons, and cutout 
longerons are calculated on the basis of linear taper between synthesis cuts. 
Stringer weights are also based on linear taper except in the presence of 
upper or lower cutouts; the actual number of stringers that traverse the 
segment are then used in the weight calculations. Strength integrity is pro- 
vided by the cutout longerons which support the load that would normally be 
resisted by the missing stringers. 

The weight of a single minor frame for the final frame spacing is 
calculated in subroutine MINFR. Minor frame weight within the segment is 
calculated from the frame weight per linear inch at the bounding cuts. 
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Hie final estimated weights for each of the analytically calculated 
elements are derived by applying indexing factors.   TTiese factors are 
considered to be calibration factors as well as incremental weight factors for 
design parameters and unique conditions not considered in the analysis. 

Index factors are determined by program calibration runs on existing 
hardware. 

Miscellaneous Basic Structure 

Weights of joints, splices, and fasteners are estimated as a function of 
cover, and longeron weights in subroutine FWEIGH, and longitudinal partitions 
are calculated in subroutine PARTIT. 

• Joints, splices, and fasteners =0.1 (weight of cover + longerons) 

• Partitions »0.2 (weight of cover + minor frames) 

Beams for redistributing engine thrust loads and support fitting weights 
are calculated in subroutine MISCWT.   Engine drag beams are estimated by the 
following equation: 

Drag beam = 0.00038 (total thrust) 

Fittings at the load introduction points of the wing, horizontal, and 
nacelle are calculated according to maximum load and major frame material 
properties. 

ri41.3125P t     78.: 

[%+ Fcy    FSU + Fitting = maximum load  | f^^- * g /0:2gP     ♦ l.SxlO'3 

BRU 

where 

P = material density 

FT = ultimate tensile strength 

F  = compression yield strength 

Fsu = ultimate shear strength 

Fgpj. = ultimate bearing strength 
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Cargo flooring and supports are considered to he basic structure. The 
approach, however, is similar to most secondary structure weight estimating 
methods and, therefore, the weight calculations are performed in subroutine 
SECOST. 

Cargo flooring and support requirements have been standardized by the 
463L military specification for threadway design, loading capability, and 
tiedown receptacle pitch. Wear resistance and design application lead to a 
unit weight approach. However, support loads increase as a function of 
beaming distance between the shell side walls. 

Maximum bending moment increases as the square of the beam length, and 
since support structure is only part of the total floor, the following 
equations are used to estimate floor weight. 

Floor designed for wheeled vehicles: 

floor and supports s floor area (4.8) ( ... r? 1 
0.66 

0.66 

0.66 

2. Floor designed for bulk cargo: 

floor and supports ■ floor area (3.3) I    ' 1 

3. Floor designed for passengers only: 

floor and supports ■ floor area (2.27) ( TTTZ ) 

where 

W » maximum fuselage width 

SECONDARY STRUCTURE WEIGHT 

Fuselage secondary structure is a category of weight items that serve a 
wide range of purposes. These items are function-dependent and, therefore, 
orientation, presence, and requirements can be predicted according to vehicle 
class. Although this program estimates the secondary structure elements in 
Table 8, this list may not include certain items which may be peculiar to a 
specific configuration. Item 12 on the secondary structure list would be 
used for unique secondary structure components. 

The primary objective of this program is utility and, therefore, the 
number of input data parameters have been minimized. This procedure, sub- 
routine SECOST, consists of three different approaches. A check list approach 
is progranmed for use in the initial conceptual phase when detail geometric 
descriptions are not readily available. The method provides rule-of-thumb 
weights or weights which may be derived fron other vehicle considerations. 
A second approach estimates weights based on geometric description function 
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TABLE 8. SnCONDAHY STRUCTURH MilOrr ESTIMATING OPTIONS 

Secondary Structure Components Wt Est Options Vehicl .e Category 
1 2 3 F B T 

1. Pilot's canopy and mechanisms 
2. Navigator/strike officer's canopy 
3. Windshield and framing -•- -•- -•- 

4. Cockpit windows and ports __Ä__ • 

5. Cabin windows and ports 
6. Cockpit flooring and supports - secondary -•- 

7. Stairway and ladder A -«- L-^A^ ^^ 

8. Nose radome and mechanisms 
9. Aft radome and mechanisms ^ 

w 

10. Miscellaneous radomes 
11. Speed brakes 
12. Weight of other secondary structure 
13. Main landing gear door and mechanisms 
14. Nose landing gear door and mechanisms 
15. Aft cargo doors and mechanisms A 

16. Side cargo doors and mechanisms ««-a«^ W 

17. Forward loading raup and mechanisms - 
W1 

18. Forward ramp toe/extension m 
W" 

19. Aft ramp and mechanisms 
20. Aft ramp toe/extension 
21. Internal pressure door 
22. Weapons bay doors and mechanisms (—--«— w 

23. Gun access doors 
24. Ammunition access doors 
25. Emergency exits - flight • Ä -•- •' 

26. EmerKency exits - ground • m ^^ 

27. Paratroop doors • ^t»^ 
w™ 

28. Spoilers-deflectors-paratroop doors • 

29. Entrance doors • m 9 

30. Miscellaneous access doors • -#" 

31. In-flight refueling doors ft ^ 
32. Ram-air turbine doors A 

33. Engine removal doors • 
- m • 

34. Accessory access doors • 

35. Thermal protection panels w 
36. Main landing gear pod                1 A 

^ 

37. Miscellaneous fairings • 

38. Dorsal fin panels A 9 

39. Walkways, steps, and grips 
40. Antiskid protection 
41. Exterior finish • 

42. Interior finish • 
A 

• 1 » ' 

Weight estimating options:           Vehicle 
1. Input weights                  F Fi 
2. Rule-of-thumb estimate           B Bo 

categ( 
ghters 
nibers 

jries: 
and al :tack 

3.   Weight based on descriptive data 
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and flight environment. The basic assumption governing this approach is that 
secondary structure items may be estimated based on geometric considerations 
with a minimum of loads data, if any. Thus, the major portion of this pro- 
cedure is written as a weight per unit area calculation. The third capability 
is to override the program with input weights. This last method would be used 
when detail weight data are available for any specific component. The 
methods used for each of the secondary structure elements are discussed in the 
following paragraphs 

Canopy 

Crew ejection canopies exist on fighters and attack vehicles. On certain 
bombers, this is also the means for visibility and escape. The rule-of-thumb 
weight of 215 pounds is used for both pilot and navigator/strike officer 
canopies. Canopy geometry is defined by mean length. This parameter is 
sufficient, since ejection path and head clearances combined with side vision 
angles normally determine the canopy radius and height. Maximum dynamic pres- 
sure is tested against sea level dynamic pressure at mach 1 to introduce the 
environmental effects in the following equations. 

1. Canopy - 2.158 x length; q < 1480 

2. Canopy « length (0.0026 q - 1.69); q > 1480 

Windshield, Windows, and Ports 

The windshield, windows, and ports are generally designed by pressure 
or bird impact. Windows and ports in passenger compartments include an 
acoustic suppression panel which also protects the structural pane from 
inadvertent damage. 

The rule-of-thumb approach is programmed for the windshield and the cabin 
windows and ports. Windows and ports in the crew compartment are included in 
the windshield rule-of-thumb estimates. However, on fighters and attack 
vehicles which require nonstatistical rearward vision, transparency geometry 
is required. The rule-of-thumb estimates for windshield are as follows. 
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Windshield 
Vehicle Class Weight (lb) 

• 

• 

Fighter, attack 80 

Bombers 640 

Transports for wheeled or bulk cargo less than 
100,000 lb 250 

Transports for wheeled or bulk cargo greater 
than 100,000 lb 640 

Personnel transports less than 100,000 lb 125 

Fjrsonnel transports greater than 100,000 lb 250 

Windows and ports in the cabin occur on transports, and are fairly 
standard in size and design. The rule-of-thumb approach uses 10 pounds for 
each window times the specified number. 

The alternate program approach to transparency weight estimation is based 
on the analytical derivation of thickness, and calculating weight of trans- 
parency, frame, and other considerations using this panel thickness. 

The bird-impact criteria is examined for the frontal panels. Kangas 
and Pigman^) proposed an empirical method for predicting full-tempered glass 
thickness to resist penetration of a 4-pound bird as follows: 

Vcoso 

t = 0.136 [ 1-0.348 cos o]  e 

where: 

t = thickness of full-tempered glass pane in inches 

V = penetration velocity in mph 

o = total angle of slope of panel 

e = natural logarithm base 
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Reference 10 suggests the use of stretch acrylic as a more efficient 
material for bird-impact protection. The following equation is used in the 
program, and is a curve-fit of the stretched acrylic data points: 

t acrylic « 0.23 [ 1 - 0.348 cos a] e 

Vcosg 
157.4 

Strength for pressure design is examined for each of the components. In the 
bird impact solution, none of the geometry terns (length, width, or curvature) 
appear; for pressure design, these are pertinent parameters. Since flat panels 
are usually used on aircraft and also because of the difficulty in ascertain- 
ing windshield curvature in the preliminary design phase, a conservative flat 
panel approach is used for pressure design. TTie peak bending moment occurs 
at the short side as follows: 

M- KPb 

where 

K ■ function of panel aspect ratio 

p ■ pressure 

b = panel short side dimension 

169 

mm 



The following equation for acrylic thickness is derived from the beam flexure 
equation 

{¥) 
2l/2 

where 

cr * the ultimate tensile strength of acrylic (10,500 psi) 

The thickness, although calculated in the same manner, is used differently in 
the weight calculation of each component. 

The windshield and cockpit windows and ports require an abrasion- 
resistant outer sheet, anti-icing provisions, and bonding interlayers and, 
therefore, the thickness is greater than that established by strength.    The 
weight of windshield and framing is as follows: 

W « (t)    (L)    00     CN)    Cp)     (Kf) 

where 

L ■ panel length 

W = panel width 

N ■ mmber of panels 

p ■ density of acrylic (0.043 Ib/cu in.) 

K = factor for frames, etc (2.3857) 

The cabin window and port weight calculation is identical to the cockpit 
calculation except for the value for Kf. is 4.07. This factor accounts for a 
single pressure pane, an air gap, an acoustic panel, and the inherently 
greater frame requirement. Should the number of cabin windows be the only 
specified data, a rule-of-thumb estimate of 10 pounds per window is used. 

Flooring and Supports 

The rule-of-thumb estimate for flooring and supports on fighter aircraft 
is 14 pounds per crewmember. On transports and bombers, the following 
equation is used to estimate this item. 
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where 

D ■ maximum fuselage depth 

W = maximum fuselage width 

N * number of crewmembers 

The alternate approach for all vehicle classes is 2.21 psf. 

Stairway and Ladders 

Stairway and ladder weights are only estimated by a rule-of-thumb 
approach for fighter aircraft; the weight is 8 pounds. On transports and 
bombers, the following equation is used to estimate this item: 

Wt = 8 + (£-u.4s) 

Radomes 

Radome weight estimates are based on unit weights for subsonic or 
supersonic flight conditions. The step function in the unit weight is due to 
radar design which requires the thickness to be multiples of its wavelength. 
The unit weights are as follows: 

Supersonic 

2.76 

2.76 

1.75 

Nose and tail radome surface areas are either input data or obtained fror* 
the first and last structural synthesis segment. There is no way to predict 
miscellaneous radome surface area and, therefore, weight can be calculated 
only by inputing surface area. 

Radome Subsonic 

Nose 1.75 

Tail 1.75 

Miscellaneous 1.75 
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Speed Brakes 

The weight estimate for speed brakes and supports is based on dynamic 
pressure and geometry. Single or multiple panels may be used to decelerate the 
vehicle. If multiple panels are used, the length, width, and total combined 
surface are required. For single panels, the area is sufficient to describe 
the surface, and the length and width are determined by the following 
relationship: 

Length =0.8 widtji 

To estimate the panel unit weight: 

Unit weight = 2.35 + 0.306 qWL2 x 10"5 

where 

q = dynamic pressure in psi 

W = width in inches 

L = length in inches 

Supports and hinges add 30 percent to this estimate; therefore, to estimate 
the total weight: 

Weight »1.3 (unit weight)(S) 

where 

Unit weight * pounds per square foot 

S ■ panel area in square feet 

Doors, Panels, and Miscellaneous 

Those items that fall in this category and are estimated on the basis of 
weight per unit area are tabulated as follows. 
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Item 
Rule-of-Thumb 

Weight or Weight/Item 
Unit Weight 
Clb/sq ft) 

Main landing gear door None 5.3 

Nose landing gear door None 5.0 

Aft cargo door None 2.9 

Side cargo door None 9.5 

Ramp toe (extension) None 4.0 

Gun access doors/panels 15 lb/gun 

Ammo access doors/panels 0.020 Ib/md 

Paratroop door 230 lb/door 11.0 

Spoiler deflectors 10 lb/door 

Entrance door 120 lb/door 10.0 

In-flight refueling - probe 10 

In-flight refueling - drogue 100 

Ram-air turbine 25 5.0 

Thermal protection 2.5 

Main gear pod 2.2 

Dorsal 1.5 

Cargo ramps are estimated on the basis of 12.21 pounds per square foot. 
However, if the length between the hinge and ground are known, the following 
equation is used to estimate the weight: 

Weight = 0.933 LS 

where 

L ■ length in feet 

S ■ area in square feet 
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The pressure door is estimated on the basis of 5.5 pounds per square foot, 
If length and width are defined, pressure is used to synthesize the door 
T-bar using the methods for bulkhead synthesis in subroutine DBLKHD. Lock, 
mechanism, and actuation provisions are reflected in the weight estimate for 
this item as follows: 

Weight = 2.5 tsp 

where: 

t = theoretical mean thickness 

s = panel area in square inches 

p ■ density of material Oninor frames) in pounds per cubic inch 

Weapons bay doors are estimated according to specific design arrangements. 
The following equations are used to estimate this item: 

1. Sliding weapons bay doors 

Weight - door area (1.3) (1.55 + 0.0009q) 

2. Single-hinged weapons bay doors 

Weight ■ door area (1.7) (1.55 + 0.009q) 

3. Double-hinged weapons bay doors 

Weight - door area (1.9) (1.55 + 0.0009q) 

where 

q = maximum dynamic pressure, psf 

Emergency exits are estimated according to vehicle category. Fighter and 
bomber aircraft usually provide in-flight crew escape by means of canopy 
ejection. However, if canopies are not provided, the rule-of-thumb estimate 
is 170 pounds per crewmember. If escape hatch area is given, the unit weight 
of 19.5 pounds per square foot is used to estimate the hatch. 

On transports, emergency exit is provided by entrance doors. Additional 
escape requirements are considered to be provided by type IV doors dl). The 
rule-of-thumb estimate for pushout-type doors is 48 pounds per door. Should 
area be given, the unit weight used is 19.5 pounds per square foot. 

174 



Plug-type escape hatches are inherently lighter; the weight estimate on 
the rule-of-thumb basis is 24 pounds per doo1".   A unit weight of 10 pounds per 
square foot is used if area is given. 

Miscellaneous access doors consist of panels required for electronics 
compartment, fuel, equipment, batteries, and other component maintenance.   The 
definition of all the access requirtinents are not available until the late 
stages of final design.    The weight approach is based on vehicle category and 
shell wetted area, as follows: 

1. For fighters and bombers: 

Weight = 794.495 (log S) - 2067.32 

2. For transports: 

Weight = 10.45 S"48 

where 

S = fuselage wetted area in square feet 

Engine removal and accessory access doors are estimated on the unit weight 
basis. 2.93 and 2.5 pounds per square foot is used for engine doors and 
accessory doors, respectively. If door areas are not input data, area is 
estimated according to engine location, diameter, and length. The accessory 
access door area is estimated to be a square panel equal to the engine 
diameter plus 5 inches. 

The rule-of-thumb estimate for miscellaneous fairings is 0.5 pound per 
inch of wing root chord. If fairing area is input, the unit weight of 1.5 
pounds per square foot is used. 

Walkways steps and grips, and antiskid protection are required on some 
transport aircraft. These items are estimated on the basis of walkway length. 
Totals of 0.1 and 0.035 pound per inch are used for walkways steps and grips, 
and for antiskid protection, respectively. 

Exterior finish, if required, is based on 0.026 pound per square foot 
of fuselage wetted area. Interior finish and corrosion protection is 
required on aluminun and other susceptible materials used in shell construc- 
tion. A total of 0.05 pound per square foot of fuselage wetted area is used 
to provide interior coating of covers and frames. 
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Section III 

PROGRAM DESCRIPTION 

GENERAL DISCUSSION 

The methods, equations, and logic discussed in the previous section have 
been programmed in FORTRAN Extended for the CDC 6600 ccnputer. The program 
is structured into two overlays consisting of the two control programs 
(FUSOl, FUS02) and 44 subroutines. Seven dunmy subroutines have been 
included in this program for planned extension of program capabilities. Five 
of these dummy subroutines are associated with the capability for evaluating 
elliptical shell shapes. The dummy subroutine FllOIB is intended to control 
honeycomb panel synthesis. Dunmy subroutine WTDIST would provide fuselage 
weight distributions for inertia purposes and iteration on loads. Two of the 
subroutines (MATLP1, SPRINT) are data output routines. Optional output of 
intermediate calculations are provided within individual data development 
routines. 

Error messages, warning messages, and corrective measures have been built 
into the program sixh that most user errors will not result in catastrophic 
failure. In some cases, the warning is of a nature for which no user action 
is necessary. In other instances, incompatible data are either corrected, 
revised, or bypassed. The implications, probable cause, and recommended 
action associated with the various messages are presented in the subroutine 
discussions. 

GENERAL LOGIC FLOW 

The program subroutine flow diagram is shown in Figure 28. The func- 
tional flow diagram of the two overlays is shown in Figure 29. This 
diagram shows the major data manipulation and search loops within the 
program. 

GENERAL MAPS 

Data storage and transmitt^l are accomplished through the use of common, 
labeled common, and mass storage files. Mass storage file data, with the 
exception of the FUS and FUSDWI arrays, are read into and written from data 
regions in cofflmon. The FUS and PJSDWI arrays, which are stored in the 
program region of subroutine FUSED, are presented with the discussion of 
that subroutine. 
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Figure 28.    Subroutine flow diagram (cont). 
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Figure 28.    Subroutine flow diagram (cont) 
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Figure 29. Fuselage general functional flow diagram. 
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Figure 29. Fuselage general functional flow diagram (concl). 
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f 
COWQN 

The common consists of 4,400 cells which are divided into the major 
regions shown in Table 9. Table 10 presents an alphabetical listing of arrays 
and variables within the common region. Type designates whether variable is 
input (I) or calculated (C). Many items that appear in Table 10 as calculated 
(C) variables may ultimately take on values that are irput to the fuselage 
module. This is a function of whether or not default values or inputs are 
overridden in the synthetic process. However, items designated as input (I) 
types will always take on values that are input to the fuselage module. When 
the variables in this table are subsets of larger arrays, the higher order 
array is referenced in brackets. 

Tables 11 through 28 are maps of those arrays or parts of arrays that 
have specific significance which are not explained in the alphabetical 
listing. 

LABELHU C0NM0N 

Labeled common arrays are used to transfer program control words and 
vehicle weight summary data. These arrays are as follows: 

1. XMISC 

The first location in this block is used to transmit the number of 
different materials which exist in the material library files to 
subroutine MFCNTL. 

2. IP 

This array is used to transmit print control indicators to various 
subroutines as shown in Table 29. 

3. FLAT 

This array stores fuselage (and other components) weight summary 
data for use in total vehicle summary calculations and output as 
shown in Table 30. 

MASS STORAGE FILES 

Mass storage file records used by this program as shown in Table 31. 
Variables in these records are discussed in the common region tables or in the 
discussion of subroutine FUSED. 
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TABLE    9.    GOMGN ARRANGEMENT 

Common 
Location 

Variable 
Name Description 

1 D(l) Physical constants and program 
constants, and default values 

240 D(240) 

241 D(241) Input fuselage design data 

1200 D(1200) 

1201 

2000 

D(1201) 

D(2000) 

Program-generated data arrays 
and file record storage 

2001 

4000 

T(l) 

T(2000) 

Program-generated data arrays 
and file record storage 

4001 

4100 

SUNWC1) 

SIMI(IOO) 

Final fuselage weight and 
balance summary 

4101 DCd) Reserved for future expansion 

4200 DCCIOO) 

4201 

4400 

ND(1) 

ND(200) 

Storage region for indicators 
and counters                                         \ 
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TABlü 10.    COMON RliGION VARIABLE LIST 

Var 
Name Size 

Canmon 
Loc Type Description 

Subroutine 
Reference 

A 61 1391 C Static lateral load at 
major frame synthesis cut, 
lb 

FFMLD 

AA 60 1574 C Major frame internal axial 
load at synthesis segment, 
lb 

FRMLD, SFOAWH 

AC 1 2058 C Major frame cap area (S), 
in.2 

SFOAWE 

ACOU 20 641 I Overall acoustic pressure 
level at synthesis cuts, 

dboa 

FCOVER, MINFR, 
SPRINT 

ACRS 20 1101 C Shell cross-section area 
at synthesis cuts, in. 

GJ1GEO, BLKHDS, 
SPRINT 

AIOY 1 1234 I Nacelle pitch inertia 
(S22), lb-in.2 

FLDDT, DUNMY1 

AIT 20 2861 C Intermediate (secondary) 
longeron area at synthesis 
cuts, in.2 

FBEND, FWEIGH, 
SPRINT 

Aim 1 1229 I Nacelle weight (S22), lb FLDDT, DUMW1 

ALCL 20 1611 C Lower cutout longeron area 
at synthesis cuts, in.2 

FBEND, FWEIGH, 
SPRINT 

ALCU 20 1591 C Upper cutout longeron area 
at synthesis cuts, in.2 

FBEND, FWEIGH, 
SPRINT 

ALL 20 2821 C Lower longeron or stringer 
area at synthesis cuts, 
in.2 

FBEND, FWEIGH, 
SPRINT 

ALS 20 2841 C Side stringer area at 
synthesis cuts, in.2 

FBEND, FWEIGH, SPRINT 

ALT 1 2008 C Vehicle altitude (S), ft QCRIT 

ALT 1 1115 I Altitude at design cond 
CS22), ft 

FUSLD 

ALU 20 2801 c Upper longeron or stringer 
area at synthesis cuts, 
in.2 

FBEND, FWEIGH, SPRIOT 
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TABLE 10. CCNMON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Ccrunon 
Loc Type Description 

Subroutine 
Reference 

AMI 1 20S4 C Minimum cap area for major 
frame (S), in.2 

SFOAWE 

ANTA 20 1141 C Net torsional section area 
aft of synthesis cuts, 
in. 2 

GJ1GEO, BLKHDS, 
SPRINT 

ANTT 20 1121 C Net torsional section area 
forward of synthesis cuts, 
in. 2 

GJ1GEO, BLKHDS, 
SPRINT 

ARL\ 1 2042 C Area enclosed by major 
frame (S), in.2 

FRMIT) 

BB2 60 1818 C Major frame cap width at 
segment, in. 

SFOAWE 

BC2 1 2062 C Major frame cap width - 
intermediate step (S), in. 

SFOAWE 

mi 60 1513 C Major frame internal bend- 
ing moment at synthesis 
segment, in.-lb 

FRMLD, SFOAWE 

BL 20 2321 c Lower sector panel periph- 
eral length at synthesis 
cut or at aft end of 
fuselage, in. 

GEOMF1, CUTOUT, 
FCOVER, MINFR, FBEND, 
FWEIGH, SPRINT 

BLKD 20 561 I Pressure bulkhead indicator 
at shell synthesis cuts 

FUSSHL, SPRINT 

BM 61 1452 c Static moment at frame 
synthesis cuts, in.-lb 

FRMLD 

1MIX 20 1151 I Input cross-ship moment at 
shell synthesis cuts 
(inactive) (S22), in.-lb 

FLDIN 

BMIY 20 1131 I Input longitudinal bending 
moment at shell synthesis 
cuts (inactive) (S22), 
in.-lb 

FLDIN 
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TABLE 10. COMMON REGION VARIABLE LIST (C0i\T) 

Var 
Name Size 

Ccronon 
Loc Type Description 

Subroutine 
Reference 

1MN 20 541 I Vertical beam indicator 
(currently inactive) 

GJ1GE0, SPRINT 

mo 1 2044 c Major frame moment 
redundant (S), in.-lb 

FRMLD 

BS 20 2341 c Side sector panel 
peripheral length at 
synthesis cut or at aft 
end of fuselage, in. 

GECMF1, FCOVER, 
MINFR, FBEND, FWEIGH, 
SPRINT 

ÜSTO 20 2921 c Stringer spacing at 
synthesis cut, in. 

LONGS, FCOVER, FBEND, 
FWEIGH, SPRINT 

HJ 20 2301 c Upper sector panel 
peripheral length at 
synthesis cut or at aft 
end of fuselage, in. 

GE0MF1, CUTOUT, 
FCOVER, MINFR, FBEND, 
FWEIGH, SPRINT 

CGCO 20 3721 c Center of gravity of cover 
within synthesis segment, 
in. 

FWEIGH, SLMMRY 

CGJS 20 3781 c Center of gravity of 
joints, splices, and 
fasteners within 
synthesis segment, in. 

FWEIGH, SUNMW 

CGLG 20 3741 c Center of gravity of longi- 
tudinal manbers within 
synthesis segment, in. 

FWEIGH, SUNWRY 

CGMF 20 3761 c Center of gravity of minor 
frames within synthesis 
segment, in. 

FWEIGH, SUNWRY 

CIND 50 241 I Construction indicators 
(Refer to Table 11.) 

FUSOl, MFCNTL, QCRIT, 
FFRME, FUSSHL, GJ1GEO, 
LONGS, FPANEL, FCOVER, 
BLKHDS, FWEIGH, 
SBCOST, SPRINT 
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TAüUi 10.    COMQN REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
loc Type Description 

Subroutine 
Reference 

CRV 1 1049 I Root chord of vertical tail 
(S21), in. 

FRMEG 

CTOL 20 481 I Lower panel cutout width at 
shell synthesis cut, in. 

CUTOUT, GJ1GEO, 
FBEND, FWEIGH, SPRINT 

CTOS 20 501 I Side panel cutout width at 
shell synthesis cut, in. 

FWEIGH, SPRINT 

CTOU 20 461 I Upper panel cutout width 
at shell synthesis cut, in. 

CUTOUT, GJ1GEO, 
FBEND, BLKHDS, 
FWEIGH, SPRINT 

ü 2000 1 I Basic data array 
(Refer to Table 12.) 

Most 

DC 100 4101 - Constant data array 
(currently inactive) 

DFI.X 20 2381 c Shell segment length, in. GEOMFl", INERTl, 
FARLD, FLDNT, 
CUTOUT, FWEIGH, 
SPRINT 

DEPA 20 1261 c Depth of torque cell 
immediately aft of 
synthesis cut, in. 

GJIGEO, BLKHDS, 
SPRINT 

UliPF 20 1241 c Depth of torque cell imme- 
diately forward of 
synthesis cut, in. 

GJIGEO, BLKHDS, 
SPRINT 

DGW 1 1201 I Vehicle design weight 
(S22), lb 

FUSED, FLDDT, 
DIM1Y1 

DI 10 311 I Shell depth at geometry 
cut, in. 

GECMF1 

ÜKHT 20 441 I Deck height or location of 
shroud center or curvature 
as a fraction of total 
fuselage depth at cut 

GJIGEO, CVPRES, 
BLKHDS, SPRINT 
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TABLE 10. COWON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Comnon 
Loc Type Description 

Subroutine 
Reference 

1)LS 60 3306 C Segment length of major 
frame at outer mold line, 
in. 

FRMND1, FRMLD 

DLSP 60 3611 C Segment length of major 
frame at neutral axis, in. 

FBMND1, SFOAWE 

Ü00 20 2411 C Vertical flat length 
from shell half-depth to 
corner tangent of shell 
exterior contour at syn- 
thesis cut or at aft end 
of fuselage, in. 

GF-CMFl, INERT1, 
FRMEG, FRMND1, 
GJ1GB0, LONGS, 
IIIflNG, FBEND, 
SPRINT 

E 1 2051 C Major frame material 
modulus of elasticity (S), 
psi 

SFOAWE 

EISA 20 1571 C Available side bending 
stiffness at synthesis 
cut, lb-in.2 

FBEND, SPRINT 

EISD 20 681 I Required side bending 
stiffness at synthesis 
cut, lb-in.2 

FBEND, SPRINT 

E1VA 20 1551 c Available vertical bending 
stiffness at synthesis 
cut, lb-in.2 

FBEND, SPRINT 

EIVT 20 661 I Required vertical bending 
stiffness at synthesis 
cut, lb-in.2 

FBEND, SPRINT 

EQUA 160 81 I Constants used in enpiri- 
cal, statistical, and 
analytical equations 
(Refer to Table 13.) 

QCRIT, FGOVER, CVPRESj 

MINFR, FBEND, PARTIT, 
DBLKHD, FWEIGH, 
MISCWT, SECOST 

EY IS 2071 c Y-coordinate at interface, 
of external component, in. 

FKMEG, FFRMb 

EZ IS 2086 c Z-coordinate at interface 
of external component, in. 

FRMEG, FFRME 
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TABLE 10.    COMON REGION VARIABLE LIST (CÜNl) 

Var 
Name Size 

Cannon 
Loc Type Description 

Subroutine 
Reference 

FAC1 1 1106 I Limit load to ultimate 
load factor (S22) 

FUSLD, FLDIN, FLEDT, 
FLDMT 

FCY I 2047 C Major frame material com- 
pression yield stress (S), 
psi 

SFQAWE 

FD 1 2041 c Major frame depth (S), in. FFRME, FRMLD, SFOAWE 

FU 1 2161 c Minor frame depth (S), in. FUSSHL, GJ1GEO, MINFR 

FFLD 580 2621 c Major frame loads array 
for all vehicle conditions 
(Refer to Table 14.) 

■ 

FFRME, FRMND1, FRMLD 

FKC 1 2053 c Major frame buckling 
coefficient (S) 

SFOAWE 

FMAX 20 2961 c Maximum extreme fibre 
bending stress at synthe- 
sis cut, psi 

FBEND 

FMN 1 1114 I Mach number at design 
condition (S22), M 

FUSLD 

FMN 1 2007 c Specific mach number for 
flutter evaluation (S), M 

QCRIT 

FMP 300 3201 c Final material property 
data array for synthesis 
(Refer to Table 15.) 

LDCHK, GJ1GEO, 
FGOVER, CVPRES, 
MINFR, FBEND, BLKHDS, 
FWEIGH, SEGOST, 
SPRINT 

FMJ 1 2050 c Major frame material 
Poisson's ratio (S) 

SFOAWE 

FMWT 91 1910 c Major frane detail weight 
array (Refer to Table 16.) 

FFRME, MISCWT, SIMIRY 
SPRINT 

FNZO 1 1107 I Vehicle limit vertical 
load factor (S22) 

FUSLD, FLDUT, DUMY1, 
FLDNT 
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TABLE 10. COMMON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Camion 
Loc Type Description 

Subroutine 
Reference 

FRMC 20 401 I Major frame depth at 
synthesis cut, in. 

FFRME, SPRINT 

FRML 20 381 I Frame spacing at synthesis 
cut, in. 

FPANEL, SPRINT 

FROT 20 2941 C Minor frame weight (each) 
at synthesis cut, lb 

MINFR, FWEIGH 

FSU 1 2048 C Major frame material ulti- 
mate shear strength (S), 
psi 

SFOAWE 

FTTJ 1 2049 c Major frame material ulti- 
mate tensile strength (S), 
psi 

SFOAWE 

GJRD 20 701 I Required torsional stiff- 
ness at synthesis cut, 
lb-in.2 

GJ1GE0, SPRINT 

HCT 1 1012 I Horizontal tail attach type 
indicator S(21) 

0 ■ shear tie 
1 - shear and moment 
2 ■ spindle 

FLDDT 

HIOY 1 1220 I Pitch inertia of horizontal 
tail and contents about 
tail CG (S22), lb-in.2 

FLDDT, DUMWl 

HO 1 2045 c Major frame lateral load 
redundant (S), lb 

FRMLD 

HTLG 20 421 I Longeron position as a 
fraction of total fuselage 
depth or angular position 
at cut, radians 

LONGS, SPRINT 
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TABLE 10.    COMON REGION VARIABLE LIST (OONT) 

Var 
Name Size 

Coranon 
Loc Type Description 

Subroutine 
Reference 

wr 1 1215 I Horizontal tail and 
content weight (S22), lb 

FLDDT, DUMl 

I 1 4301 C Scratch counter 

I 1 4301 c Synthesis cut counter in 
calculation loop 

FUSSHL, LDCHK, 
GJIGBO, LONGS, 
I1L0NG, FPANEL, 
FCOVER, CVPRFS, MINFR 
FBEND, BLKH)S 

IAV 1 4317 I Vehicle type 
10-19  fighters 
20-29  bombers 
30-39  transports 

FUS01, SECOST 

IC 1 4320 c Number of major frame 
synthesis cuts 

FFRME, FRWD1, 
FRMLD 

ICST 1 4322 I Construction type 
1 ■ longeron 
2 ■ stringer 
3 ■ honeycomb (inactive) 

FUS01, LONGS, I1LONG, 
FPANEL, FCOVER, 
MINFR, FBEND, FWEIGH, 
SUNWRY 

IF1 1 4291 c Loads array (86) mass 
storage file counter 

FUSLD, FFRME, LDCHK 

IF3 1 4293 c Material library file 
array (TMD) mass storage 
file counter 

MFCNTL 

IF4 1 4294 c Material property array 
(TWS) mass storage file 
counter 

MFCNTL, SFOAWE,     \ 
GJ1GE0 

IFF 1 4321 c Nimber of major frame 
synthesis segments 

FFRME, FRMND1, FRMLD, 
SFOAWE 
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TAULli iü.    CCJKWÜN lüÜlON VARIABLE LIST (CONT) 

V.ir 
Rune Size 

Camion 
Loc lype Description 

Subroutine 
Reference 

IFF?1 1 4324 C Frame spacing search control 
1 ■ first pass 
2 ■ second pass 
3 - final pass 

FPANEL 

II 1 4307 C Scratch counter FFRME, FFMND1, GJ1GEO, 
MINFR, FBEND 

IMIL 1 4325 I Cover milling indicator 
0 ■ basic single 

thickness 
1 ■ milled design 

FUS01, FCOVER, 
CVPRES, MINFR 

IQ 1 4319 I Number of major frame seg- 
ments per quadrant 

FFRME, FRMND1, 
FRMLD 

ISTG 1 4323 C Stringer spacing search 
control 

1 - first piss 
2 = second jass 
3 = final puff 

LONGS 

ITYP 1 4327 c Vehicle class 
1 * fighters 
2 = bombers 
3 - transports 

FUS01, MISCWT, 
SECOST 

11 20 4341 c Frame load source counter 
in FFRME,critical shear 
condition indicator 

FFRME, LDCHK, SPRINT 

12 20 4361 c Frame load source counter 
in FFRME,critical down- 
bending condition indicator 

FFRME, LDCHK, SPRINT 

13 20 4381 c Frame load source counter 
in FFRME,critical up- 
bending condition indicator 

FFRME, LDCHK, SPRINT 
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T.vui.ii lo,   amw «BGmi VAKIAIUJ nsr tawn 

Var Cannon Subroutine 
Name Size Loc Type Description Reference 

J 1 4302 C Scratch counter 

JJ 1 4308 C Scratch counter UM, FFMNDl 

K 1 4303 C Scratch counter and 
stiffener spacing opti- 
mization indicator 

DBLKHD, MIWUM 

KC ] 4312 I Input shell geometry 
type indicator 

1 ■ input peiimeter 
2 ■ input perimeter 

factor 

FUSOl, GE0MF1, FFKMH, 
FUSSHL, LONGS 

XX 1 4309 C Scratch counter FFRME, FRMND1, FRMLD 

L 1 4304 C Total nunber of mique 
major frames 

FFRMH 

LCN 1 4314 C Load condition counter FUSLD, MFCNTL, MATLP1, 
FFRME, FRMLD, SFQAWE, 
LDCHK, IXM1Y1 
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TABIJi 10.    COMWN milOH VAIilAHI.Ii I,IST  (iXlVl ) 

Var Connon Subroutine 
Name Size Loc Type Description Reference 

LDC 1 4313 I Load condition type 
indicator 

1 - Balanced flight 
with flaps up 

2 - Balanced flight 
with fldps down 

3 - Two-wheeled landing 
4 - Vertical gust 
5 - Lateral gust 
6 - Pitching acceleration 
7 - Yawing acceleration 
8 - Taxi 

FUSLD, FLDDT, UMttl 

LDT 1 4316 I Type of input loads data 
1 ■ input (inactive) 
2 ■ compute from compo- 

nent data 

FUSLD 

LPT 1 4318 C Number of load points on 
f-;.Tie 

FFRME, FKMLD 

M 1 4305 C Counter for total number 
of unique major frames 

FFRME 

MATLI 1 4260 I Component material selec- 
tion number 

MFCNTL, MATLF 

N 1 4306 c Scratch counter 

NC 1 4311 I Number of shell synthesis 
cuts 

FUS01, GE0MF1, INERT1, 
FUSLD, FLDIN, FLDDT, 
FARLD, FLDNT, FUSSHL, 
CUTOUr, GJ1GE0, 
PARTIT, FWEIGH, 
MISCWT, SBCOST, 
smm,  SPRINT 
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TABLE 10. GOMON REGION VARIABLE LIST (GONT) 

Var 
Name Size 

Gannon 
Loc Type Description 

Subroutine 
Reference 

IMVTL 1 42S9 I Total number of material 
properties in library file 

MFGNTL 

NOG 1 4315 C Total number of load 
conditions 

RJSLD, 
SFOAWE, 

FFRME, FRMLD, 
LDGHK 

PAA 1 2057 C Frame cap axial load from 
combined axial and bending 
load (S), lb 

SFQAWE 

PAX 1 2056 C Frame cap axial load (S), 
lb 

SFOAWE 

PER 20 2541 C Shell perimeter at 
synthesis cuts or at aft 
end of fuselage, in. 

GECMFl, 
LONGS, 
MINFR, 
MISGWT, 

INERTl, 
FPANEL, 
FWEIGH, 
SPRINT 

PERA 20 1181 C Torque cell peripheral 
length immediately aft 
of synthesis cut, in. 

GJIGEO, 
SPRINT 

BLKHDS, 

PERF 20 1161 C Torque cell peripheral 
length immediately for- 
ward of synthesis cut, in. 

GJIGEO, 
SPRINT 

BLKHDS, 

PI 10 331 I Shell perimeter, in., or 
perimeter correction 
factor at geometry cut 

GE0MF1, IWERT1 

PRDA 20 1221 c Deck or shroud peripheral 
length immediately aft of 
synthesis cut, in. 

GJIGEO, 
SPRINT 

BLKHDS, 

PRDF 20 1201 c Deck or shroud peripheral 
length ininediate:y for- 
ward of synthesis cut, in. 

GJIGEO, 
SPRINT 

BLKHDS, 

PRES 20 601 I Pressure at synthesis cut, 
psi 

FUSOl, 
GVPRES, 
SPRINT 

FGOVER, 
BLKHDS, 
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TABLE 10. XMHON REGION VARIABLE LIST ((»NT) 

Var 
Name Size 

Conmon 
Loc Type Description 

Subroutine 
Reference 

PSI 61 3794 C Angles to frame synthesis 
cuts, deg 

FRMND1, FRMLD 

PYV 1126 I Vertical tail lateral air 
load (S22), lb 

FLDDT 

PZBW 1118 I Body lift in pi«?sence of 
wing (S22), lb 

FLDIJT, IXM^fl, FARLD 

P2H 1123 I Horizontal tail lift 
(b22), lb 

FLDDT, DUNMYl 

PZN 1116 I Nose lift (S22), lb FLDDT, DUM^Yl, FARLD 

PZWB 1120 I Wing outer panel lift 
(S22), lb 

FLDDT, DUMY1 

Q 2002 i/c Dynamic pressure (S), psf QCRIT 

Q 61 3855 c Shear flow at frame 
synthesis cuts, lb/in. 

FRMLD 

QDOT 1110 i/c Vehicle pitching acceler- 
ation (S22), radians/sec2 

FUSLD, FLDDT, DUNWYl, 
FLDNT 

RAD 20 521 I Shroud radius at synthesis 
cuts, in. 

GJ1GE0, SPRINT 

RCL 20 2261 c Lower sector panel radius 
of curvature at synthesis 
cuts or at aft end of 
fuselage, in. 

GECMF1, FCOVER, 
CVPRES, MINFR, HEND, 
SPRINT 

RCS 20 2281 c Side sector panel radius 
of curvature at synthesis 
cuts or at aft end of 
fuselage, in. 

GEGMF1, FCOVER, 
CVPRES, MINFR, FBEND, 
SPRINT 
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TABLE 10. COWQN REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference 

RCU 20 2241 C Upper sector panel radius 
of curvature at synthesis 
cuts or at aft end of 
fuselage, in. 

GECMF1, FCOVER, 
CVPRES, MINER, FBEND, 
SPRINT 

RDNS 1 82ti I Nose radome indicator 
(SCST) 

FWEIGH 

RUl'C 1 829 I Tail radome indicator 
(SCST) 

FWEIGH 

RID 1 2052 i/c Major frame material 
density (S), lb/in.3 

SFOAWE 

RHOF 20 621 I Fuel density at synthesis 
cuts, lb/in.3 

FCOVER, CVPRES, 
BLKHDS, SPRINT 

RM 16 3485 I Material descriptive title 
CIMD) 

MATLP1 

RO 20 2481 c Corner radius of 3hell 
exterior contour at 
synthesis cut or at aft 
end of fuselage, in. 

GECMF1, INHRT1, 
FRMEG, FRMND1, 
GJ1GE0, LONGS, 
I1L0NG, FBEND, SPRINT 

RTL 20 1531 c Net lower panel degra- 
dation due to proximity 
of cutout at synthesis 
cut, in. 

CUTOUT, FBEND, SPRINT 

RTU 20 1511 c Net upper panel degra- 
dation due to proximity 
of cutout at synthesis 
cut, in. 

CUTCUT, FBEND, SPRINT 

S 100 2001 c Basic scratch array most (32 of the 46) 

SCDT 80 921 I Secondary structure 
descriptive data array 
(Refer to Table 17.) 

MISCWT, SEGOST, 
SPRINT 
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TABLE 10. ( XWON REGION VARIABLE LIST (GQNT) 

Var 
Name Size 

Comnon 
Loc Type Description 

Subroutine 
Reference     | 

SCSI 100 821 I Secondary structure 
weight and center-of- 
gravity array (Refer to 
Table 18.) 

FWEIGH, MISCWT, 
SROOST, SLWRY, 
SPRINT           ! 

SCOT 50 3951 C Secondary structure 
weight array (Refer to 
Table 19.) 

SECOST, SUNWRY,    1 
SPRINT           | 

SF 20 2401 c Shell segment surface area, 
In. 2 

GECMF1, FWEIGH,    1 
SECOST, SPRINT     \ 

SFKM 20 2881 c Frame spacing at synthesis 
cut, in. 

FPANEL, FCOVER,    | 
MINER, FBEND, FWEIGH 
SPRINT           ! 

SIOY 1 1241 I Other component or store 
pitch inertia (S22), 
lb-in.2 

FLUUT, DUWYl      j 

SSPD 1 1112 I Vehicle sink speed at 
landing (S22), ft/sec 

FLDDT 

STKE 1 1113 I Landing ^ir stroke 
(S22), in. 

FLDDT 

STNO 20 2901 c Number of stringers or 
longerons 

LONGS, SPRINT     | 

s"iur 1 2201 c Total shell surface area 
'JUT), in.2 

GECMF1 

s-iwr 1 1236 I Other component or store 
weight (S22), lb 

FLDÜT, UMM1              | 

SI.M4 100 4001 c Weight summary array 
(Refer to Table 20.) 

FUS02, FUSSHL, 
MISCWT, SIMfllY,    I 
SPRINT           j 
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TABLE 10. COMMON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference 

SI 100 2101 C Scratch array GE0MF1, FRMEG, FLDIN, 
FARLD, FLDOT, FFRME, | 
LONGS, I1L0NG, 
FCOVER, CVPRES,     { 
MINFR, FBEND, BLKHDS, 
FWEICl            1 

S2 20 2121 C Scratch array GECMF1, FUSED, FRMEG, 
FLDIN, FLDUT, FLDNT, 
LDCHK, FCOVER, MINFR, 
CVPRES, FBEND, MISCOT 

S21 100 1001 I External component 
geometry and coordinate 
array (Refer to Table 21.) 

FRMEG, FUJDT, FARLD, | 
MISCWT, SECOST, 
SPRINT 

S22 200 1101 I Component loads and 
vehicle inertia data 
array (Refer to Table 22.) 

FUSED, FLDIN, FLDFT, j 
niMri, FARED, FLDNT, 
QCRIT            j 

S3 20 2141 C Scratch array GEQMF1, FUSED, FLDDT, 
FARLD, FLDNT, FCOVER, 
CVPRES, MINFR, FBEND j 

S4 20 2161 c Scratch array FARLD, FLDNT, FUSSHL, 
GJ1GE0, MINFR, FBEND | 

S5 20 2181 c Scratch array FLDNT, FCOVER, 
BLKHDS, DBLKHD, 
SECOST 

S6 200 3691 c Fuselage net loads array 
(Refer to Table 23.) 

FUSED, FRMEG, FLDIN, | 
FLDDT, FLDNT, MFCNTL, 
FFRME, LDCHK       | 

T 2000 2001 c Scratch array FUSStL, MINFR, SPRINT 

TCAP 1 2061 c Major frame cap thickness 
(S), in. 

SFOAWE            I 

TCAP2 1 2063 c Half of major frame cap 
thickness (S), in. 

SFQAIVE 
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TABLE 10. CCMON REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Cannon 
Loc Type Description 

Subroutine 
Reference 

TCC 60 17S7 C Major frame cap thickness 
at frame synthesis seg- 
ment, in. 

SFQAWE 

m 20 2741 C Cover flutter thickness 
at synthesis cut, in. 

FCCVER, SPRINT 

TCI 20 2661 C Lower sector cover thick- 
ness at synthesis cut, in. 

FC0VER, FBEND, 
FWEIGH, SPRINT 

TCS 20 2641 C Side sector cover thick- 
ness at synthesis cut, in. 

FCCVER, MINFR, FBEND, 
FWEIGH, SPRINT 

TCU 20 2621 C Upper sector cover thick- 
ness at synthesis cut, in. 

FCOVER, FBEND, 
FWEIGH, SPRINT 

TB12 1 205S C Intermediate calculation 
for major frames (S) 

SFQAWE 

1GJA 20 2781 C Cover thickness required 
for torsional stiffness 
immediately aft of 
synthesis cut, in. 

GJ1GB0, FWEIGH, 
SPRINT 

TGJF 20 2761 C Cover thickness required 
for torsional stiffness 
immediately forward of 
synthesis cut, in. 

GJ1GE0, FWEIGH, 
SPRINT 

TIYY 1 1206 I Vehicle pitch inertia 
(22), lb-in.2 

FLDDT, nmn 

TLL 20 2721 c Lower sector cover land 
thickness at synthesis 
cut, in. 

FCOVER, FWEIGH, 
SPRINT 

TLS 20 2701 c Side sector cover land 
thickness at synthesis 
cut, in. 

FCOVER, FWEIGH, 
SPRINT 
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iminu.  cum» RHüIüN VARuaui usr iawr) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference 

TLU 20 2681 C Upper sector cover land 
thickness at synthesis 
cut, in. 

FCOVER, FWEIGH, 
SPRINT 

TM 160 3501 C Material data interpolation 
array (Refer to Table 24.) 

MFCNTL, MATLF, M/VTLPl 

TMD 300 3201 T Material library file data 
array (Refer to Table 25.) 

MFCNTL, MATLF, MATLP1 

IMP 1 1105 I Structure temperature at 
design load condition 
(S22), 0F 

FUSLD 

INS 120 1391 C Material property data 
for components for specific 
load condition (Refer to 
Table 26.) 

MFCNTL, QCRIT, 
SFOAWE, LDCHK, 
MISCWT 

TOC 1 1050 C Wing thickness to chord 
ratio at side of fuselage 
(S21) 

FRMEG 

TOT 20 2201 c Total geometry and compo- 
nent weight for iteration 
cycle array (Refer to 
Table 27.) 

GE0MF1, LONGS, 
FPANEL, FC0VER, 
MINFR, FBF.ND, SBCOST, 
SPRINT 

TT 24 3661 c Material data scratch 
array (Refer to 
Table 28.) 

MFCNTL, MATLF 

TW 1 2059 c Major frame web thickness 
for shear resistance and 
final thickness (S), in. 

SFOAWE 

TWS 1 2060 c Major frame web thickness 
sized for strength (S)y in. 

SFOAWE 
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TABLE 10. CCWQN REGION VARIABLE LIST (am) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference 

TWT 1 2067 C Total major frame weight 
(S), lb 

mm, SFQAWE 

TWW 60 1656 C Major frame web thickness 
at frame synthesis seg- 
ment, in. 

SFQAWE 

TY 15 2041 C Transfer term between fuse- 
lage mold line and external 
component interface 
y-coordinate, in. 

FRMBG, FLDDT 

TZ 15 2056 C Transfer term between 
fuselage mode line and 
external component inter- 
face z-coordinate, in. 

FRMEG, FLDDT 

UIX 20 2561 C Unit roll inertia of 
fuselage and contents 
about segment centroid, 
lb-in2/lb 

INERT1, SPRINT 

UIY 20 2581 C Unit pitch inertia of 
fuselage and contents 
about segment centroid, 
lb-in.2/lb 

INERT1, DUMMY1, 
FLDNT, SPRINT 

UIZ 20 2601 C Unit yaw inertia of 
fuselage and contents 
about segment centroid, 
lb-in.2/lb 

INERT1, SPRINT 

V 61 3916 C Static vertical load at 
major frame synthesis 
cut, lb 

FRMLD 

VCT 1 1017 I Vertical tail attach type 
indicator (S21) 

0 * shear tie 
1 » shear and 

moment tie 
2 - spindle 

FLDDT 
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TABLi 10.    ( JONWON RliGIQN VARIABLE LIST (CONf) 

Var 
Name Size 

Cannon 
Loc Type Description 

Subroutine 
Reference 

VIOY 1 1227 I Pitch inertia of vertical 
tail and contents about 
tail CG (S22), lb-in.2 

FLDDT, wmi 

VIZ 20 1171 I Net input vertical shear 
(inactive) (S22), lb 

FLDIN 

VO 1 2046 C Major frame vertical load 
redundant (S), lb 

FRM1D 

VOL 20 2421 C Shell segment volume, 
in.^ 

GECMF1, SPRINT 

VOLT 1 2202 c Total shell volume (JOT), 
in.3 

GECMF1 

W 60 163S c Major frame internal shear 
load at synthesis seg- 
ment, lb 

FRMLD, SFQAWE 

wr 1 1222 I Vertical tail and content 
weight (S22), lb 

FLDDT, DUNMH 

WCT 1 1007 I Wing attach type indicator 
(S21) 

0 ■ shear tie 
1 - shear and moment 

tie 

FLDDT 

WFC 20 1251 I Weight of fuselage con- 
tents within segment 
(S22), lb 

FUSLD, DUMYl, FLDNT 

WFUS 20 1271 I Weight of fuselage within 
segment (S22), lb 

FUSLD, DUMTl, FLDNT 

WI 10 321 I Shell width at geometry 
cut, in. 

GECMF1 

WIDA 20 1301 c Width of torque cell 
between two walls 
immediately aft of 
synthesis cut, in. 

GJ1GEO, BLKHDS, 
SPRINT 
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TABLE 10. CCMON REGION VARIABLE LIST ( ;CCNT) 

Var 
Name Size 

Cannon 
Loc 

1 

Type Description 
Subroutine     | 
Reference     j 

WIDF 20 1281 C Width of torque cell 
between two walls 
immediately forward of 
synthesis cut, in. 

GJ1GEO, BLK-IDS,     1 
SPRINT           I 

WIOY 1 1213 I Pitch inertia of wing and 
contents about wing CG 
(S22), lb-in.2 

FLDDT, DUNMY1      | 

1 WLCL 20 1651 C Weight of lower cutout 
longeron within shell 
segment, lb 

FWEIGH, SUNWRY,     | 
SPRINT           j 

WI.CU 20 1631 C Weight of upper cutout 
long~ron within shell 
segment, lb 

FWEIGH, SUNMRY,     | 
SPRINT           \ 

WO 20 2461 c Horizontal flat length 
fron centerline to comer 
tangent of shell exterior 
contour at synthesis cut 
or at aft end of fuselage, 
in. 

GECMF1, INERT1,    j 
FRMEG, FRMND1,     j 
GJ1GR0, I1LONG, 
FBEND, SPRINT 

OTBK 20 3931 c Weight of pressure 
bulkheads, lb 

FUSSHL, BLKHDS,    i 
SUNWRY, SPRINT     1 

WTCL 20 3541 c Weight of lower sector 
cover panel within shell 
segment, lb 

FWEIGH, SUNMW,    | 
SPRINT 

wrcs 20 3521 c Weight of side sector cover 
panel within shell seg- 
ment, lb 

FWEIGH, SlINWRY,    | 
SPRINT           1 

WTCT 20 3561 c Weight of all cover panels 
within shell segment, lb 

PARTIT, FWEIGH,    | 
SPRINT           | 

OTCÜ 20 3501 c Weight of upper sector 
cover panel within shell 
segment, lb 

FWEIGH, SUNWRY,    \ 
SPRINT           1 

WTF 1 2064 c Major frame cap weight 
(S). lb 

FFRME, SFQAWE 
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TABLE 10.    COMON REGION VARIABLE LI57r COM) 

Var 
Name Size 

Cannon 
Loc TYPE Description 

Subroutine 
Reference 

WTJS 20 3701 C Weight of joints splices 
and fasteners within 
shell segment, lb 

FWEIGH, SUMRY, 
SPRINT 

OTLL 20 3621 C Weight of lower sector 
stringers or longerons 
within shell segment, lb 

FWEIGH, SUNfRY, 
SPRINT 

WTLS 20 3601 C Weight of side sector 
stringers within shell 
segment, lb 

FWEIGH, SUMRY, 
SPRINT 

WTLT 20 3661 C Weight of all longitudinal 
members within shell 
segment, lb 

FWEIGH, SPRINT 

WTLU 20 3581 C Weight of upper sector 
stringers or longerons 
within shell segment, lb 

FWEIGH, SUMIY, 
SPRINT 

WIMF 20 3681 C Weight of minor frames 
within shell segment, lb 

PARTIT, FWEIGH, 
suma, smm 

WTPT 20 3821 C Weight of partitions 
within shell segment, lb 

PARTIT, Sl*MRY, 
SPRINT 

WTST ' 1 2066 C Major frame stiffener 
weight (S), lb 

FFRME, SFQAWE 

WTST 20 3641 C Weight of secondary 
longitudinal members 
within shell segment, 
lb 

FWEIGH, SUNMRY, 
SPRINT 

OTW 1 2065 C Major frame web weight 
(S). lb 

FFRME, SFQAWE 

1 1208 I Wing and content weight 
(S22), lb 

FLDDT, DUWY1 
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TABLE 10. COWQN REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference     | 

XACG 1 1230 I X-coordinate of nacelle 
and content CG (S22), in. 

FLDDT, DUWn      ! 

XAPX 1 1109 I X-coordinate of wing 
leading edge apex (S22), 
in. 

FARLD 

XBAR 20 2361 C X-centroid of shell 
segment, in. 

GECMF1, INERT1,    | 
DUMY1, FARLD, 
FLDNT, FWEIGH,     1 
SUNWRY, SPRINT 

XCG 1202 X-coordinate of vehicle 
CG (S22), in. 

FUSLD, FLDDT, 
DUNWY1, FLDNT 

1 XCPB 1119 X-coordinate of body lift 
in presence of wing 
(S22), in. 

FLDDT, DUNWYl,     l 
FARLD 

XCPH 1124 Y X-coordinate of horizontal 
tail lift (S22), in. 

FLDDT, DUNWY1 

XCPN 1117 X-coordinate of nose lift 
(S22), in. 

FLDDT, DUNWY1,     \ 
FARLD           | 

XCPV 1127 X-coordinate of vertical 
tail lateral air load 
(S22), in. 

FLDDT 

XCPW 1121 X-coordinate of wing outer 
panel lift (S22), in. 

FLDDT, DUMYl 

XHCG 1216 X-coordinate of horizontal 
tail and content CG 
(S22), in. 

FLDDT, DUMYl 

XHFS 1008 X-coordinate of horizontal 
tail front spar support 
frame (S21), in. 

FRMEG, FIDDT, 
MISCWT 

XHRS 1009 X-coordinate of horizontal 
tail rear spar support 
frame (S21), in. 

FRMEG, FIDDT, 
MISCVTT 

XI 10 291 X-coordinate of shell 
geometry cut, in. 

GBCMF1, FARLD,     1 
SECOST 
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TABLE 10. CCM40N REGION VARIABLE LIST (CONT) 

Var 
Name Size 

Comnon 
Loc Type Description 

Subroutine 
Reference 

XMGD 1034 X-coordinate of main gear 
drag strut frame (S21), in. 

FRMEG, WBt 

XMGG 1032 X-coordinate of main gear 
tires (S21), in. 

FLDDT 

XMGT 1033 X-coordinate of main gear 
trunnion frame (S21), in. 

FRMEG, FLDDT 

XNFS 1013 X-coordinate of nacelle 
forward support frame 
(S21), in. 

FRMEG, FLDDT, 
MISCWT 

XNGD 10.?8 X-coordinate of nose gear 
drag strut frame (S21), in. 

FRMEG, FLDDT 

XNGG 1026 X-coordinate of nose gear 
tires (S21), in. 

FLDDT 

XNGT 1027 X-coordinate of nose gear 
trunnion frame (S21), in. 

FRMEG, FLDDT 

XNRS 1019 X-coordinate of nacelle 
rear support frame (S21), 
in. 

FRMEG, FLDDT, 
MISCW 

XO 20 361 X-coordinate of fuselage 
synthesis cut or aft end 
of fuselage, in. 

GEQMF1, INERT1, 
FUSLD, FRMEG, 
FARLD, FLDNT, 
FRMND1, CVPRES, 
BLKHDS, FWEIGH, 
MISCWT, SUWRY, 
SPRINT 

XOFS 1 1022 I X-coordinate of other 
component (store) forwar i 
support frame (S21), in. 

FRMEG, FLDDT, 
MISCWT 

XORS 1 1023 I X-coordinate of other 
component (store) rear 
support frame (S21), in. 

FRMEG, FLDDT, 
MISCWT 
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TABLE 10.    OamXi REGION VARIABLE LIST (CCM) 

Var Conuion Subroutine 
Name Size Loc Type Description Reference 

XST 1237 I X-coordinate of other 
component (store) CG 
(S22), in. 

FLDDT, DLWYl 

XVCG 1223 I X-coordinate of vertical 
tail and content CG 
(S22), in. 

FLDDT, DUWY1 

XVFS 1013 I X-coordinate of vertical 
tail front spar support 
frame (S21), in. 

FRMBG, FLDDT, 
MISCUTT 

XVRS 1014 I X-coordinate of vertical 
tail rear spar support 
frame (S21), in. 

FRMEG, FLDDT, 
MISCWT 

XWCG 1209 I X-coordinate of wing and 
content CG (S22), in. 

FLDDT, DUNWY1 

XWFS 1002 I X-coordinate of wing front 
spar support frame (521), 
in. 

FRMBG, FLDDT, 
MISCWT 

XWIS 1004 I X-coordinate of wing inter- 
mediate spar support frame 
(S21), in. 

FRMEG, FLDDl', 
MISCWT 

XWRS 1003 I X-coordinate of wing rear 
spar support frame 
(S21), in. 

FRMBG, FLDDT, 
MISCWT 

Y 61 3672 C Y-coordinate of major frame 
cuts at mold line, in. 

FRMND1, FRMLD 

YACG 1231 I Y-coordinate of nacelle and 
content CG (522), in. 

FLDDT 

YB 60 1101 c Y-centroid of major frame 
segment at mold line, in. 

FRMND1, FRMLD 

YCPH 1 112S I Y-coordinate of horizontal 
tail panel CP (522), in. 

FLDDT 
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TABLE 10. ( ZCmSN REGION VARIABLE LIST (CCKT) 

Var 
Name Size 

Common 
Loc Type Description 

Subroutine 
Reference 

YCPW 1 1122 I Y-coordinate of wing outer 
panel CP (S22), in. 

FLDDT 

YE 6 3201 C Y-coordinate of external 
loads at frame mold line, 
in. 

FFRME, FRMLD 

YHCG 1 1217 I Y-coordinate of horizontal 
tail and content CG 
(S22), in. 

FLDDT 

YHSF 1 1010 I Y-coordinate of horizontal 
tail-fuselage interface 
(S21), ii. 

FRMEG, FLDDT 

YMGG 1 1035 I Y-coord'.nate of main gear 
tires ;S21), in. 

FLDDT 

YMGS 1 1036 I Y-coordinate of main gear 
strut-fuselage interface 
CS21), in. 

FPMEG, FLDDT 

YNGS 1 1030 I Y-coordinate of nose gear 
strut-fuselage interface 
(S21), ^n. 

FRMEG 

YNSF 1 1020 I Y-coordinate of nar^lle 
pylon-fuselage interface 
(S21), in. 

FRMEG, FLDDT 

YOSF 1 1024 I Y-coordinate of other 
component pylon-fuselage 
interface (S21), in. 

FRMEG, FLDDT 

YP 61 3367 c Y-coordinate of major 
frame neutral axis at 
cuts, in. 

FRMLD 

YPB 60 3489 c Y-centroid of major frame 
segment at neutral axis, 
in. 

FRMLD 
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TABLE 10. COMON REGION VARIABLE LIST ( CCNT) 

Var 
Name Size 

Cannon 
Loc Type Description 

Subroutine 
Reference 

YST 1 1238 I Y-coordinate of other 
coroponent (store) CG 
(S22), in. 

FLEDT 

YVSF 1 1015 I Y-coordinate of vertical 
tail-fuselage interface 
(S21), in. 

FRMEG, FLDDT 

YWCG 1 1210 I Y-coordinate of wing and 
content CG (S22), in. 

FLDDT 

YWSF 1 1005 I Y-coordinate of wing- 
fuselage interface 
(S21), in. 

FRMEG, FLDDT 

Z 61 3733 C Z-coordinate of major frame 
cuts at mold line, in. 

FRMND1, FRMLD 

ZACG 1 1232 I Z-coordinate of nacelle and 
content CG (S22), in. 

FLDDT, DUKWY1 

ZB 60 3243 c Z-centroid of major frame 
segment at mold line, in. 

FRMND1, FRMLD 

ZCG 1 1204 I Z-coordinate of vehicle CG 
(S22), in. 

FLDDT, I'JWYl, 
FLDNT 

ZCPV 1 1128 I Z-coordinate of vertical 
tail CP (S22), in. 

FLDDT 

ZE 6 3207 c Z-coordinate of external 
loads at frame mold line, 
in. 

FFRME, FRMLD 

ZHCG 1 1218 I Z-coordinate of horizontal 
tail and content CG 
(S22), in. 

FLDDT, DUNWYl 

ZHSF 1 1011 I Z-coordinate of horizontal 
tail-fuselage interface 
(S21), in. 

FRMEG 
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TABLE 10. COMON REGION VARIABLE UST (C(M) 

Var    i 
Name Size 

Conmon 
Loc Type Description 

Subroutine            { 
Reference 

ZI      1 10 301   | 

j 

I Z-coordinate of section at 
shell geometry cut, in. 

GECMF1                           ' 

THBS   \ 1 1037 I Z-coordinate of main gear 
strut-fuselage interface 
(S21), in. 

FRMEG 

ZNGS j 1031   : I Z-coordinate of nose gear 
stiut-fuselage interface 
(S21), in. 

FRMEG 

ZNSF 1 1021 I Z-coordinate of nacelle 
pylon-fuselage interface 
(S21), in. 

FRMEG 

ZO 20 2221 C Z-coordinate of section 
centroid at synthesis 
cut or at aft end of 
fuselage, in. 

GECMF1, FRMEG, 
DlM^fl, FLDNT, 
SPRINT 

ZOSF 1 1025 I Z-coordinate of other 
component pylon-fuselage 
interface (S21), in. 

FRMEG 

2P 61 3428 c Z-coordinate of major 
frame neutral axis at 
cuts, in. 

FFMLD 

ZPB 60 3550 c Z-centroid of major 
frame segment at neutral 
axis, in. 

FRMLD 

ZST 1 1239 I Z-coordinate of othei 
component (store) CG 
(S22), in. 

FLDDT, OMtfl 

1 ZVCG 1 1225 I Z-coordinate of vertical 
tail and content CG 
(S22), in. 

FLDDT, nrnti 

ZVSF 1 1016 I Z-coordinate of vertical 
tail-fuselage interface 
(S21), in. 

FRMi;G, FLDDT 
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TABLE 10. CQM40N REGION VARIABLE LIST (CONCL) 

Var 
Name Sire 

Ccnnon 
Loc Type Description 

Subroutine 
Reference 

ZWCG 

ZWSF 

ZZS 

1211 

1006 

2043 

Z-coordinate of wing and 
content CG (S22), in. 

Z-coordinate of 
wing-fuselage interface 
(S21). in. 

Z-zentroid of frame (S), 
in. 

FLDDT, OMflfl 

FRMEG 

FRMLD 
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TABLE 11. CIND ARRAY VARIABLES 

Variable ■ Subroutine 
Loc Name Description Reference a 

1 IAV Vehicle 
11 - 20 * fighters and attack 
21 - 30 » bombers 

31 = transports for wheeled vehicles 
heavier than 100K 

32 ■ transports for wheeled vehicles 
ligiter than 100K 

33 * transports for bulk cargo 
heavier than 100K 

34 = transports for bulk cargo 
lighter than 100K 

35 = transports for personnel 
heavier than 100K 

36 ■ transports for personnel 
lighter than 100K 

FUSOl 

2 NC Number of shell synthesis cuts FUSOl 

3 KC Per meter or perimeter correction factor 
indicator 

1 - perimeter input 
2 ■ perimeter correction factor 

input 

FllSOl 

4 IGST Construction indicator 
1 = longeron construction 
2 * stringer construction 
3 = honeycomb construction 

(inactive) 

FUSOl 

5 IMIL Cover mill indicator 
0 ■ cover net milled 
1 ■ cover milltd (lands at frames 

and longerons) 

FUSOl. FCOVER 

6 Cover material identification nunber MFCNTL 

7 Longeron material identification number MFCNTL 
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TABLE 11. CIND ARRAY VARIABLES (COOT) 

Loc 
Variable 

Name Description 
Subroutine 
Reference* 

8 Major frame material identification number MRMl 

9 Minor frame and bulkhead material 
identification number 

MFCNTL 

10 Not used 

11 Nunber of primary longerons (ICST ■ 1) LONGS 

12 Nunber of secondary longerons (ICST - 1) IXMSS 

13 General longeron location for all cuts 
positive value - fraction of total 

depth 
negative value B angular location, 

radians 

LONGS 

14 Shroud radii indicator 
1 ■ single shroud 
2 = double shroud 

GJ1GEO 

15 Stringer spacing indicator 
0 ■ search on stringer 

spacing 
positive value ■ fixed spacing at 

value, in. 

LONGS 
1 

16 FD General frame depth for both major and 
minor frames, in. 

FFRME, FllSSHI. 

17 General frame spacing indicator 
positive value <1,000 ■ search on 

spacing, in. 
positive value > 1,000 - fixed at value 

less 1,000, in. 
plus 1,000. 

FPANEL 

18 Not used 
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TABLE 11. CIND ARRAY VARIABLES (OONT) 

Loc 
Variable 

Name Description 
Subroutine 
Reference a 

18 Not used 
• 

20 Not used 

21 Mach number for critical panel flutter, M QCRIT, FCOVER, 
SECOST 

22 Altitude that corresponds to critical mach 
number, ft 

QCRIT 

23 Dynamic pressure that corresponds to 
critical mach number, psf 

QCRIT, FCOVER 

24 Cover modulus of elasticity at critical 
flutter condition, lb/in. 

QCRIT, FCOVER 

25 Function of mach number for critical 
panel flutter 

QCRIT, FCOVER 

26 Maximum sea-level speed, M QCRIT, SECOST 

27 Maximum dynamic pressure, psf QCRIT, SECOST 

28 Maximum limit cabin pressure differential, 
psi 

FUSOl, SECOST 

29 Flutter correction factor for boundary 
layer growth effect 

Loaded value = 0.663265 

FCOVER 

30 Not used 

31 Cover index factor, lb/lb FWEIGH 

32 Longeron index factor, lb/lb FWEIGH 

33 Joints splices and fastemers index 
factor, lb/lb 

FWEIGH 

34 Minor frame index factor, lb/lb FWEIGH 

216 



TABLE 11. CIND ARRAY VARIABLES (CONCL) 

Loc 
Variable 
Name Description 

Subroutine 
Reference3 

35 

36 

37 

50 

Major frame index factor, lb/lb 

Pressure bulkhead index factor, lb/lb 

Not used 

Not used 

FFPME 

BLKHDS 

NOTE: CIND array starts at common location 241. 

a 
Variables in this array are printed in subroutine SPRINT. 
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TABLE 12. D ARRAY CCNSTANIo AND EQUATION PARAMETERS 

Subroutine 
Loc Value Description Reference3 

1 1.0 Constant 

2 2.0 Constant 

3 3.0 Constant 

4 4.0 Constant 

5 5.0 Constant 

6 6.0 Constant 

7 7.0 Constant 

8 8.0 Constant 

9 9.0 Constant 

10 10.0 Constant 

11 11.0 Constant 

12 12.0 Constant 

13 20.0 Constant 

14 1000.0 Constant 

IS 3.141593 Constant, IT 

16 0.01''45324 Constant, IT/180 

17 144.0 Constant 

18 24.0 Constant 

19 0.5 Constant 
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TABLE 12.    D ARRAY OONSTAtfTS AND EQUATION PARAMETERS (CONT) 

Loc Value Description 
Subroutine 
Reference* 

20 1.5 Constant 

21 0.3333333 Constant 

22 0.95 Constant 

23 0.25 Constant 

24 0.0 Constant 

25 1.414214 Constant, VT 

26 32.17405 Constant, acceleration of gravity, 
ft/sec2 

FLDET, DIJMW, 
FLDNT CVPRES, 
BLKHDS 

27 180.0 Constant, deg 

28 1.732051 Constant, VS" 

29 2.5 Maximum land thickness to field 
thickness ratio 

CVPRES, DBLKHD 

30 

31 

1.333333 Additional factor of safety for 
pressurization of manned compart- 
ments 
Not used 

CVPRES, BLKHDS, 
SECOST 

32 Not used 

33 0.5 Stringer spacing and bulkhead stiff- 
ener spacing search increment, in. 

LONGS, DBLKHD 

34 0.5 Frame spacing search increment, in. LONGS 

35 0.25 Maximum frame spacing as a 
fraction of shell diameter 

FPANEL 
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TABLE 12. D ARRAY CONSTANTS AND EQUATION PARAMETERS (CONT) 

Loc Value Description 
Subroutine 
Reference* 

36 4.0 Minimum number of stringers LONGS 

37 4.0 Minimum stringer spacing LONGS 

38 1.5 Standard factor of safety CVPRES, BULKHDS, 
3EC0ST 

39 Not used 

40 0.0000625 Frame stability coefficient MINER 

41 5.0 Number of frame segments per 
quadrant (15 maximum) 

FFRME 

42 0.426 Flange crippling coefficient, one 
edge free 

SFOAWE 

43 4.0 Flange crippling coefficient, edges 
fixed 

FBEND 

44 7.5 Shear crippling coefficient for 
flat panels 

SFOAWE, FCOVER 

45 Not used 

46 0.9 Reduction factor for frame cap 
compression yield allowable 

SFOAWE 

47 0.75 Rivet factor for covers FCOVER 

48 0.005 One gage increment to webs for 
frame stiffeners, in. 

SFOAWE 

49 2.0 Land width for frame attachment, in. FCOVER, FWEIGH 

50 2.0 Land width for longeron attachment, 
in. 

FCOVER, FWEIGH 
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TABLE 12. D ARRAY CONSTANTS AND EQUATION PARAMETERS ((»NT) 

Loc Value Description 
Subroutine 
Reference8 

51 0.050 Minimum land thickness for cover, in. FCOVER 

52 0.032 Minimum field thickness for cover, in. FC0VER 

53 0.145 Minimum longeron or stinger area, in.2 MINER, FBEND 

54 0.050 Minimum major frame cap thickness, in. SFQAWE 

55 0.032 Minimum major frame web thickness, in. SFOAWE 

56 1.0 Minimum major frame flange width, in. SFOAWE 

57 0.05 Minimum minor frame cap thickness, in. MINER 

58 0.025 Minimum stiffener web thickness, in. DBLKHD 

59 1.0 Minor frame cap width, in. MINER 

60 0.9 Reduction factor for extreme fibre 
bending stress allowable 

FBEND 

61 0.875 Stringer or longeron height (initial 
value), in. 

FBEND 

62 0.3263434 Stringer inner flange to height ratio FBEND 

63 0.050 Minimum bulkhead equivalent 
thickness, in. 

BLKHDS 

64 Not used 
• 

75 Not used 

76 1.25 Frame cap thickness correction for 
single-thickness panel acoustic 
fatigue design 

MINER 
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TABLE 12. D ARRAY GONSTANTS AND EQUATION PARAhCTERS (CONCL) 

Loc 

77 

78 0.000143 

79 0.076475 

80 0.29969 

81 
• 

2000 

Value 

1.0794 

Description 

Constant in curvature correction 
equation for acoustic fatigue 

Constant in curvature correction 
equation for acoustic fatigue 

Constant in curvature correction 
equation for acoustic fatigue 

Constant in curvature correction 
equation for acoustic fatigue 

Locations 81 through 2,000 are 
used for arrays and variables 
which are defined elsewhere in 
this report 

Subroutine 
Reference8 

MINER, FCOVER 

MINER, FCOVER 

MINER, EOOVER 

MINER, ECOVER 

NOTE: D array starts at cannon location 1. 

a 
Minerical constants are used throughout the program and, therefore, 
subroutine usage is not referenced. 
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TABLB 13. UQUA ARRAY CONSTAtfTS AND EQUATION PARAMUTHRS 

1 Loc !   Value Description 
Subroutine 
Reference   j 

! i 1479.757 Constant for calculation of dynamic 
pressure below 20K ft 

QCRIT 

2 52.187 Constant for calculation of dynamic 
pressure below 20K ft 

QCRIT 

1  3 0.619858 Constant for calculation of dynamic 
pressure below 20K ft 

QCRIT 

4 1465.175 Constant for calculation of dynamic 
pressure between 20K and 70K ft 

QCRIT 

5 50.76695 Constant for calculation of dynamic 
pressure between 20K and 70K ft 

QCRIT 

!  6 0.6434412 Constant for calculation of dynamic 
pressure between 20K and 70K ft 

QCRIT 

i  7 0.002907194 Constant for calculation of dynamic 
pressure between 20K and 70K ft 

QCRIT 

8 199.659 Constant for calculation of dynamic 
pressure above 70K ft 

QCRIT 

! 9 0.4851674 Constant for calculation of flutter 
parameter, function of mach number 

QCRIT       1 

10 1.166456 Constant for calculation of flutter 
parameter, function of mach number 

QCRIT 

11 0.488412 Constant for calculation of flutter 
parameter, function of mach number 

QCRIT 

i 

12 0.4037203 Constant for calculation of flutter 
parameter, function of mach number 

QCRIT 

13 1.4 Constant for calculation of flutter 
parameter, function of mach number, 
M 

QCRIT 
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TABLE 13. EQUA ARRAY CONSTANTS AND EQUATION PARAMETERS (CGNT) 

Loc Value Description 
Subroutine 
Reference 

14 0.6 Constant for calculation of flutter 
parameter, function of mach number, M 

QCRIT 

15 0.4849271 Constant for calculation of flutter 
parameter, function of mach number 

QCRIT 

16 0.5551841 Constant for calculation of cover 
flutter thickness parameter 

FCOVER 

17 0.1686944 Constant for calculation of cover 
flutter thickness parameter 

FCOVER 

18 0.02169992 Constant for calculation of cover 
flutter thickness parameter 

FCOVER 

19 0.000963694 Constant for calculation of cover 
flutter thickness parameter 

FCOVER 

20 0.313 Exponent in approximation of shear 
crippling coefficient 

FCOVER 

21 9.0 Constant in approximation of shear 
crippling coefficient 

FCOVER 

22 0.522 Exponent in approximation of shear 
crippling coefficient 

FCOVER 

23 2.9 x 10'9 Constant, acoustic pressure 
reference, psi 

FCOVER, MINFR 

24 2.620 Cover thickness correlation constant 
for acoustic fatigue, in./in. 

FCOVER 

25 5.620 Frame thickness correlation constant 
for acoustic fatigue, in./^irT. 

MINFR 

26 0.6 Cover field thickness to land 
thickness ratio for acoustic 
fatig >•, in./in. 

FCOVER 
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TABLE 13. EQUA ARRAY CONSTANTS AND EQUATION PARAMETERS (OONT) 

Loc Value Description 
Subroutine 
Reference 

27 1.646 Panel thickness at edge equation 
constant for pressure loading 

CVPRES, DBLKHD 

28 0.894 Panel thickness at edge equation 
constant for pressure loading 

CVPRES, DBLKHD 

29 0.394 Panel thickness at edge equation 
constant for pressure loading 

CVPRES, DBLKHD 

30 1.288 Panel thickness at edge equation 
constant for pressure loading 

CVPRES, DBLKHD 

31 1.3769 Panel thickness at midspan equation 
constant for pressure loading 

CVPRES, DBLKHD 

32 2.484 Panel thickness at midspan equation 
constant for pressure loading 

CVPRES, DBLKHD 

33 1.984 Panel thickness at midspan equation 
constant for pressure loading 

CVPRES, DBLKHD 

34 4.467 Panel thickness at midspan equation 
constant for pressure loading 

CVPRES, DBLKHD 

35 0.1443 Constant for first approximation of 
tension field angle, radians 

MINFR 

36 0.175622 Constant for first approximation of 
tension field angle 

MINER 

37 0.013411 Constant for first approximation of 
tension field angle 

MINFR 

38 1.2 Constant for maximum to average 
induced stress ratio 

MINFR, FBEND 

39 1.0 Constant for maximum to average 
induced stress ratio 

MINFR, FBEND 
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TABLE 13. EQUA ARRAY CONSTANTS AND EQUATION PARAMETERS (CONT) 

Subroutine 
Loc Value Description Reference 

40 0.78 Constant for maximum to average 
induced stress ratio 

MINFR, FBEND 

41 0.650 Constant for maximum to average 
induced stress ratio 

MINFR, FBEND 

42 151.586 Curvature limit for determination of 
forced crippling allowable, in. 

MINFR, FBEND 

43 0.18695 Constant for calculation of forced 
crippling allowable 

MINFR, FBEND 

44 5.88 Constant for calculation of forced 
crippling allowable 

MINFR, FBEND 

45 0.002 Constant for calculation of forced 
crippling allowable 

MINFR, FBEND 

46 0.00075238 Constant for calculation of forced 
crippling allowable 

MINFR, FBEND 

47 Not used 

48 0.16 Constant for calculation of cover 
compressive crippling stress 

FBEND 

49 0.85 Constant for effective post- 
buckled cover width 

FBEND 

50 761.182 Conversion factor, mach number to 
miles per hour at sea level 

SECOST 

51 0.125 Maximum stiffener bending moment 
constant 

DBLKHD 

i>2 0.312 Flange crippling coefficient of DBLKHD 
stiffener with one edge free 
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TABLE 13.    EQUA ARRAY GONSTAhTTS AND EQUATION PARAMETERS (CCWT) 

Loc Value Description 
SubroutVii? 
Reference 

53 0.44444 Exponent for stiffener thickness 
calculation 

DBLKHD 

54 224.0 Constant for stiffener thickness 
calculation 

DBLKHD 

55 0.6667 Exponent for stiffener thickness 
calculation 

DBLKHD 

56 2.0 Minimum stiffener spacing for 
bulkhead sizing, in. 

DBLKHD 

57 12.0 Maximum stiffener spacing for 
bulkhead sizing, in. 

DBLKHD 

58 1.1 Land width to bulkhead stiffener cap 
width ratio, in./in. 

BDLKHD 

59 1.0 Minimum bulkhead stiffener cap width, 
in. 

DBLKHD 

60 10.0 Maximum bulkhead stiffener height, in. DBLKHD 

61 215.0 Rule-of-thumb estimate of pilot's 
canopy, lb 

SECOST 

62 215.0 Rule-of-thumb estimate of 
navigator's canopy, lb 

SECOST 

63 1.69 Canopy weight calculation parameter, 
lb/in. 

SECOST 

64 0.0026 Canopy weight calculation parameter, 
ft2/in. 

SECOST 

65 2.158 Canopy weight calculation parameter, 
lb/in. 

SECOST 

66 1480.0 Canopy weight calculation parameter, 
psf 

SECOST 

67 10500.0 Ultimate tensile strength of 
windshield material, psi 

SECOST 
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TABLE 13. EQUA ARRAY CONSTANTS AND EQUATION PARAMETERS (CONT) 

Loc Value Description 
Subroutine 
Reference 

68 0.23 Constart for windshield thickness 
to resist bird strike, in. 

SECOST 

69 0.348 Constant for windshield thickness 
to resist bird strike 

SECOST 

70 0.102587 Density and framing factor for 
windshield and windows, lb/in.3 

SECOST 

71 0.0525 Constant for windshield or window 
maximum bending moment 

SECOST 

72 0.0025 Constant for windshield or window 
maximum bending moment 

SECOST 

73 157.4 Constant for windshield thickness 
to resist bird strike, mph 

SECOST 

74 0.250 Minimum windshield panel thickness, 
in. 

SECOST 

75 80.0 Rule-of-thumb estimate for fighter 
and attack vehicle windshield, lb 

SECOST 

76 640.0 Rule-of-thumb estimate for bomber 
and transport windshields, lb 

SECOST 

77 250.0 Rule-of-thumb estimate fÖl- 
transport wxndshields, lb 

SECOST 

78 125.0 Rule-of-thumb estimate for 
transport windshields, lb 

SECOST 

79 0.175 Density and framing factor for 
cabin windows, lb/in.3 

SECOST 

80 10.0 Rule-of-thumb estimate of cabin 
windows, each, lb 

SECOST 
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TABLE 13. EQUA ARRAY CONSTANTS AND EQUATION PARAMETERS (CONT) 

I 
Subroutine 

Loc Value Description Rel-rence 

81 14.0 Rule-of-thumb estimate of flooring 
per crewmember on fighters, lb 

SEOOST 

82 2.21 Unit weight of crew flooring and 
supports, psf 

SECOST 

83 6.0 Constant for crew flooring estimate 
on transports and bombers, in. 

SECOST 

84 1.5 Constant for crew flooring estimate 
on transports and bombers 

SECOST 

85 24.0 Constant for crew flooring estimate 
on transports and bombers, lb 

SECOST 

86 8.0 Rule-of-thumb estimate of stairways 
and ladders on fighters, lb 

SECOST 

87 8.0 Constant for stairways and ladders 
on transports and bombers, lb 

SECOST 

88 9.0 Constant for stairways and ladders 
on transports and bombers, lb/ft 

SECOST 

89 11.45 Constant for stairways and ladders 
on transports and bombers, ft 

SECOST 

90 2.76 Unit weight of nose radome on 
supersonic vehicles, psf 

SECOST 

91 2.76 Unit weight of tail radomes on 
supersonic vehicles, psf 

SECOST 

92 1.75 Unit weight of radomes on subsonic 
vehicles, psf 

SECOST 

93 2.35 Speed brake panel unit weight 
parameter, psf 

SECOST 
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TABLE 13.    EQUA ARRAY CONSTANTS AND EQUATION PARAMETERS (CONT) 

Loc Value Description 
Subroutine 
Reference 

94 0.00306 Speed brake panel unit weight 
parameter, (psf)/(l,000 in.-lb) 

SE00ST      ' 

95 1.3 Speed brake support structure 
factor 

SECOST 

96 0.8 Speed brake panel aspect ratio 
approximation, in./in. 

SECOST 

97 5.3 Unit weight of main landing gear 
doors, psf 

SECOST 

98 5.0 Unit weight of nose landing gear 
doors, psf 

SECOST 

99 2.9 Unit weight of aft cargo doors, psf SECOST 

100 9.5 Unit weight of side cargo doors, 
psf 

SECÜST 

101 Not used 

102 12.21 Unit weight of cargo loading ramps, 
psf 

SECOST 

103 0.933 Cargo loading ramp unit weight 
parameter, lb/ft3 

SECOST 

104 4.0 Unit weight of ramp toe/extension, 
psf 

SECOST 

105 5.5 Unit weight of internal pressure 
door, psf 

SECOST 

106 2.50 Internal pressure door locks, 
hinges, and misc factor 

SECOST 
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TABLE 13.    EQUA ARRAY OONSTAtfTS AND EQUATION PARAMETERS (CONT) 

Loc Value Description 
Subroutine 
Reference 

107 1.55 Basic weapons bay door unit weight 
parameter, psf 

SEOOST      ! 

| 108 0.0009 Basic weapons bay door unit weight 
parameter 

SECOST 

109 .1.3 Sliding weapons bay door weight 
factor 

SECOST 

110 1.7 Single-hinged weapons bay door 
weight factor 

SECOST 

111 1.9 Double-hinged weapons bay door 
weight factor 

SECOST 

112 15.0 Gun access door weight per gun, 
lb/gun 

SECOST 

j 113 0.020 Ammunition access door weight per 
round, lb/round 

SECOST 

1 114 170.0 Rule-of-thumb estimate of flight 
emergency exists on fighters and 
bombers, lb/man 

SECOST 

115 19.5 Unit weight of flight anergency 
exits on fighters and bombers, psf 

SECOST 

116 19.5 Unit weight of flight emergency 
exits on transports, psf 

SECOST 

117 10.0 Unit weight of ground emergency 
exits on transports and 
bombers, psf 

SECOST 

i 118 48.0 Rule-of-thumb estimate of push-out 
doors on transports, Ib/dr 

SECOST 

119 24.0 Rule-of-thumb estimate of plug-type 
doors on transports, Ib/dr 

SECOST 
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TABLE 13. BQUA ARRAY GONSTANTS AND EQUATION PARAMETERS (COOT) 

Loc Value Description 
Subroutine 
Reference 

120 Not used 

121 230.0 Rule-of-thumb estimate for each 
paratroop door, Ib/dr 

SECOST 

122 11.0 Unit weight of paratroop door, psf SECOST 

123 10.0 Rule-of-thumb estimate for each para- 
troop spoiler deflector, Ib/dr 

SECOST 

124 120.0 Rule-of-thumb estimate of entrance 
door, Ib/dr 

SECOST 

125 10.0 Unit weight of entrance door, psf SECOST 

126 794.495 Miscellaneous access door parameter 
for fighters and bombers 

SECOST 

127 2067.32 Miscellaneous access door parameter 
for fighters and bombers 

SECOST 

128 10.45 Miscellaneous access door parameter 
for transports 

SECOST 

129 0.28 Miscellaneous access door parameter 
for transports 

SECOST 

130 10.0 Rule-of-thumb estimate of probe- 
type in-flight refueling, IJ 

SECOST 

131 100.0 Rule-of-thumb estimate of boom-type 
in-flight refueling, lb 

SECOST 

132 25.0 Rule-of-thumb estimate of ram-air 
turbine door, lb 

SECOST 
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TABLE 13.    BQUA ARRAY CONSTANTS AND EQUATION PARA^CTERS (CONT) 

Loc Value Description 
Subroutine  1 
Reference   j 

133 5.0 Unit weight of ram-air turbine 
door, psf 

SFCOST 

| 134 2.93 Unit weight of engine removal 
door, psf 

SECOST 

135 5.0 Engine clearance constant for 
engine removal door, in. 

SEGOST 

136 2.5 Unit weight of accessory access 
door, psf 

SECOST 

I 137 2.5 Unit weight of thermal protection 
panel, psf 

SECOST 

138 2.2 Unit weight of main landing gear 
pod, psf 

SECOST 

j 139 1.5 Unit weight of miscellaneous 
fairings, psf 

SECOST 

\   140 0.5 Unit weight of miscellaneous 
fairings, lb/in. 

SECOST 

141 0.1 Unit weight of walkways, steps, 
and grips, lb/in. 

SECOST 

142 0.035 Unit weight of antiskid protection, 
lb/in. 

SECOST 

143 0.026 Unit weight of exterior finish, psf SECOST 

I 144 0.050 Unit weight of interior finish, psf SECOST 

145 0.66 Exponent for cargo floor width 
parameter 

SECOST 
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TABLE 13. BQUA ARRAY CONSTANTS AND EQUATION PARAhCTERS (OONT) 

l*K Value Description 
Subroutine 
Reference 

146 4.8 Unit weight parameter for wheeled 
vehicle floor, psf 

SFCOST 

147 3.3 Unit weight parameter for bulk 
cargo floor, psf 

SECOST 

148 2.27 Unit weight parameter for passenger 
floor, psf 

SECOST 

149 14.16 Cargo floor width parameter SECOST 

150 141.3125 Fitting weight calculation 
parameter 

MISCWT 

151 78.20 Fitting weight calculation 
parameter 

MISCWT 

152 0.000025 Fitting weight calculation 
parameter 

MISCWT 

153 0.00038 Engine drag beam weight parameter, 
lb/lb 

MISCWT 

154 20.0 Rule-of-thumb estimate for crew 
ejection frame, lb/man 

MISCWT 

155 0.2 Weight of partitions as a fraction 
of cover and minor frames, lb/lb 

PARTIT 

156 0.1 Weight of joints, splices, and 
fasteners as a fraction of cover 
and longeron weight, lb/lb 

FWEIGH 

157 0.77 Unit weight of ramp support frame, 
lb/in. 

MISCWT 
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TABLE 13. EQUA ARRAY CONSTANTS AND EQUATION PARAMETERS (OQNCL) 

Loc 

158 

159 

160 

Value Description 

Not used 

Not used 

Not used 

Subroutine 
Reference 

NOTE: BQÜA array starts at common location 81 
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TABLE 14. FFLD ARRAY VARIABLES 

Variable Engrg Subroutine 
Loc None Symbol Description Reference 

I  1 Major frame station, in. FFRME, FRMND1 

2 Synthesis segment in which frame 
exists 

FFRME, FRMND1 

3 yr Number of load points FFRME, FFMLD j 

4 NOC Number of load sets (conditions) FFRME, FRMLD 

1  5 
IMP Shell temperature for load set 1,0F FFRME 

1  6 ttl 
Angle to first load point for load FFRME, FRMLD 
set 1, deg 

7 ^i Vertical load at first load point FFRME. FFMLD 
for load set 1, lb 

8 "i Lateral load at first load point FFRME, FRMLD 
for load set 1, lb 

9 «i 
Moment at first load point for FFRME, FRMLD | 
load set 1, in.-lb 

10 tt2 
Angle to second load point for FFRME, FRMLD 
load set 1, deg 

11 ™2 Vertical load at second load point FFRME, FRMLD \ 
for load set 1, lb 

12 EH2 Lateral load at second load point FFRME, FRMLD j 
for load set 1, lb 

13 m2 Moment at second load point for FFRME, FRMLD 
load set 1, in.-lb 

14 •3 
Angle to third load point for FFRME, FRMLD 
load set 1, deg 
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TABLE 14. FFLD ARRAY VARIABLES (CONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference 

15 ^z Vertical load at third load point 
for load set 1, lb 

FFPME, FRMLD 

i 16 «3 
Lateral load at third load point 
for load set 1, lb            ' 

FFRME, FRMLD 

17 Wj Moment at third load point for 
load set 1, in.-lb 

FFRME. FRMLD 

1 18 
'4 Angle to fourth load point for 

load set 1, deg 
FFRME, FRMLD 

| 19 BV4 Vertical load at fourth load point 
for load set 1, lb 

FFRME, FRMLD 

I 20 
HH4 Lateral load at fourth load point 

for load set 1, lb 
FFRME, FRMLD 

| 21 «4 
Moment at fourth load point for 
load set 1, in.-lb 

FFRME, FRMLD 

1 22 
"5 

Angle to fifth load point for 
load set 1, deg 

FFRME, FPMLD | 

1 23 »S 
Vertical load at fifth load point 
for load set 1, lb 

FFRME, FRMLD \ 

I 24 ^5 
Lateral load at fifth load point 
for load set 1, lb 

FFRME, FRMLD | 

i 25 «5 Monent at fifth load point for 
load set 1, in.-lb 

FFRME, FRMLD | 

I 26 "6 
Angle to sixth load point for 
load set 1, deg 

FFRME, FRMLD 1 

27 ^6 Vertical load at sixth load point 
for load set 1, lb 

FFRME, FRMLD | 
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TABLE 14.    FFLD ARRAY VARIABLES (GONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference 

28 ^6 
Lateral load at sixth load point 
for load set 1, lb 

FFRME, FFMLD 

29 «e Moment at sixth load point for 
load set 1, in.-lb 

FFRME, FRMLD 

30 
• 

• 

54 

IMP Shell temperature for load set 2, 
0F, angles and loads at load 
points in same order as in 
locations 6 through 29 

55 
• 

79 

Data for load set 3 in same 
order as in locations 5 through 29 

80 Data for load set 4 

104 

105 Data for load set 5 
# 

129 

130 Data for load set 6 

154 

155 Data for load set 7 

179 

180 Data for load set 8 

204 

205 Data for load set 9 
• 

229 

238 



I 
TABLE 14. FFLD ARRAY VARIABLES (CGNT) 

Variable Engrg Subroutine  j 
Loc Name Symbol Description Reference   j 

230 Data for load set 10 

254 

255 Data for load set 11 
1 * 
279 

280 
1    A 

Data for load set 12 
1   w 

304 

305 Data for load set 13 
• 

329 

330 Data for load set 14 
• 

354 

355 Data for load set 15 

379 

380 Data for load set 16 

404 

405 Data for load set 17 
• 

429 

430 Data for load set 18 
1   * 
454 

455 Data for load set 19 

479 
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TABLE 14. FFLD ARRAY VARIABLES (GONCL) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference 

480 
• 

504 

505 
• 

529 

530 
• 

554 

555 
• 

579 

580 

Data for load set 20 

Data for load set 21 

Data for load set 22 

Data for load set 23 

Not used 

NOTE: FFLD array starts at common location 2621. 
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TABLE 15.    FMP ARRAY VARIABLES 

Loc Engrg Symbol Description 
Subroutine 
Reference 

1 Temperature of cover for maximum 
up-bending condition at cut, 0F, 
and corresponding material data in 
locations 2 through 20 

LDCHK 

2 M Poisson's ratio LDCHK, FBEND 

3 Ac Constant for compression stress- 
strain curve fit, in./in. 

LDCHK 

4 Bc Constant for conpression stress- 
strain curve fit, in.2/lb 

LDCHK 

5 Ec Compression modulus of elasticity, 
psi 

LDCHK, FBEND 

b FCY Compression yield stress, psi LDCHK 

7 
\ 

Constant for tension stress-strain 
curve fit, in./in. 

LDCilK 

8 ^r Constant for tension stress-strain 
curve fit, in.2/lb 

LDCHK 

9 ^r Tension modulus of elasticity, psi LDCHK 

10 p 
TY Tension yield stress, psi LDCHK 

11 P Material density, lb/in.3 LDCHK 

12 fw Ultimate tensile strength, psi LDCHK, FBEND 

13 FCPL Compressive stress at proportional 
limit, psi 

LDCHK 

14 'w Modulus of elasticity at room 
temperature, psi 

LDCHK, FBEND, 
SPRINT 

15 Srr Shear modulus at room temperature, 
psi 

LDCHK 
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TABLE 15. FMP ARRAY VARIABLES (CONT) 

\   Loc Engrg Symbol Description 
Subroutine 
Reference 

1 16 
fsu Ultimate shear strength, psi LDCHK 

1 17 F 
BRU 

Ultimate bearing strength, psi LUCHK 

18 •WJ Fraction of ultimate tensile 
strength at endurance limit for a 
polished specimen under cyclic 
load. 

LDCHK 

19 Sm Fraction of ultimate tensile 
strength for shell bending 

LDCHK, FBEND  | 

20 "nu Fraction of ultimate tensile 
strength under cyclic pressure 
load 

LDCHK 

21 
• 

Not used 

| 30 Not used 

31 Temperature of cover for maximum 
down-bending condition at cut, 0F, 
nnd corresponding material data ir 
locations 32 through 50 

LDCHK 

32 LDCHK, FBEND  1 

33 Ac LDCHK 

34 Bc LDCHK 

35 Ec LDCHK, FBEND  | 

36 F
(:Y LDCHK 

37 
\ 

LDCHK 

38 ■V LDCHK 
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TABLE 15. BIP ARRAY VARIABLES (COtfr) 

Loc Engrg Symbol Description Subroutine Reference 

39 Er LDCHK 

40 F LOOK 

41 P LDCHK 

42 FTO 
LDCHK, FBEND 

1 43 F 
CPL 

LDCHK 

| 44 ERr I.TTCHK 

45 
^ 

LDCHK 

46 Fsu LDCHK 

47 FBRU 
LDCHK 

48 hnj LDCHK 

49 STU LDCHK, FBEND 

50 hru I.IXIHK 

51 
|    • 

Not used 

• 

60 Not used 

61 Temperature of cover for 
maximum shear condition at 
cut, 0F, and corresponding 
material data in loca- 
tions 62 through 80 

LDCHK 
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TABLE 15. IMP ARRAY VARIABLES (COOT) 

Loc Engrg Symbol Description Subroutine Reference 

62 u LDCHK, GJIGBO, 
PGOVER, MINFR 

63 
^ 

LDCHK 

64 Bc LDCHK 

65 Ec LDCHK, MINFR, EBEND 

66 FCY LDCHK 

67 
\ 

LDCHK 

68 *T LDCHK 

69 
% 

LDCHK, GJIGEO, 
FCOVER, CVPRES 

70 FTY LDCHK 

71 P LDCHK, FCOVER, 
FWEIGH 

72 F™ LTTCHK, FCOVER, 
CVPRES 

73 p 
CPL 

LDCHK 

74 ha LDCHK 

75 Sr LDCHK 

76 Fsu LDCHK, FCOVER 
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! 

TABLE 15. BIP ARRAY VARIABLES (CCM) 

Loc Engrg Symbol Description Subroutine Reference 

77 FBRU 
LOOK 

78 hnu LECHK, FCÖVER 

79 KFrü LDCHK 

80 hw LDCHK, CVPRES 

81 
• 

Not used 

t 

90 Not used 

91 Temperature of longeron for 
maximum up-bending condi- 
tion at cut, 0F, and corre- 
sponding material data in 
locations 92 through 110 

LDCHK 

92 V LDCHK 

9? *c LDCHK 

94 Bc LDCHK 

95 Ec LDCHK, FBEND 

96 "cy LDCHK, FHEND 

97 'S LDCHK 

98 
*: 

LDCHK 

99 
^ 

LDCHK 
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TABLE 15. FMP ARRAY VARIABLES (CXKT) 

Loc Engrg Symbol Description Subroutine Reference 

100 F rTY LDCHK 

101 P LDCHK, FBEND, FWEIGH 

102 F 
TU 

LDCHK 

103 F rCPL 
LDCHK 

104 EKr LDCHK, FBEND, SPRINT 

105 GRr LDCHK 

106 Fsu LDCHK 

107 FBRU 
LDCHK 

108 KITU 
LDCHK 

109 KFru LDCHK 

110 KFru LDCHK 

111 Not used 

• 

120 Not used 

121 Temperature of longeron for 
maximum down-bending condi- 
tion at cut, 0F, and corre- 
sponding material data in 
locations 122 through 140 

LDCHK 

122 w LDCHK 
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TABLE 15.    M> ARRAY VARIABLES (OONT) 

Loc Engrg Symbol Description Subroutine Reference 

123 *c LDCHK 

124 Bc LDCHK 

125 Ec LDCHK, FBEND      ! 

126 'CY LDCHK, MINFR, FBHND 

127 *r LDCHK 
■ 1 

128 «r LDCHK 

129 h LDCHK 

130 TTt LDCHK 

131 P LDCHK 

132 
•TO 

LDCHK 

133 FCPL T.DCHK 

134 ERr LDCHK 

135 ST LDCHK 

136 Fsu LDCHK 

137 FBRU LDCHK 

138 KFIU LDCHK 
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TABLE 15. IMP ARRAY VARIABLES (COOT) 

Loc Engrg Symbol Description Subroutine Reference 

139 KFru LOOK 

140 STU LIICHK 

141 Not used 

• 

150 Not used 

151 Temperature of longeron for 
maximum shear condition at 
cut, 0Ft and corresponding 
material data in loca- 
tions 152 through 170 

LDCHK 

152 w MX IHK 

153 
^ 

Lixm 

154 BC LDOft 

155 Ec T.nTHK, MINFR, FBBID 

156 FCY LDCHK, FBEND 

157 
\ 

LDCHK 

158 ^r LDCHK 

159 ^r LDCHK 

160 FTY LDCHK 

161 P LDCHK 
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TABLE 15. »ff ARRAY VARIABLES (GONT) 

1 Loc Engrg Symbol Description Subroutine Reference 

162 FTU LDCHK 

163 F I.nTHK 

164 BRr LDCHK 

165 ST LDCHK 

166 F
Sü 

LDCHK 

167 
! 

FBRU 
LDCHK 

168 KFru LDCHK 

169 Sm UXMC 

170 •STU LDCHK 

171 Not used 

• 

180 Not used 

181 Temperature of minor frame 
for maximun iqj-bending con- 
dition at cut,0!-, and corre- 
sponding material data in 
locations 182 through 200 

LDCHK 

182 V LDCHK 

183 
\ 

LDCHK 

184 Bc LDCHK 
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TABLE 15.   FMP ARRAY VARIABLES (CONT) 

1   Loc Engrg Symbol Description Subroutine Peference 

185 Ec I.TTTHK 

186 FCY I.nCHK 

187 Ar LDCHK 

188 »r LDCHK 

189 h LDCHK 

190 F1Y 
LDCHK 

191 P LDCHK 

192 FTU 
T.IXIKK 

193 fCPl 
T.TTTHK 

194 ERr LDCHK 

195 Sr LDCHK 

196 Fsu LDCHK 

197 FBRU 
LDCHK 

198 KFru LDCHK 

199 KFIU 
T.DCHK 

200 KF1'U 
LDCHK 
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TABLE 15. BIP ARRAY VARIABLES (CONT) 

i Loc Engrg Symbol Description Subroutine Reference 

201 Not used 

i         * 
j 

210 Not used 

211 Temperature of minor frame 
for maximum down-bending 
condition at cut, 0F, and 
corresponding material data 
in locations 212 through 230 

LDCHK 

212 M LDQIK 

213 
^ 

LDCHK 

214 Bc LDCHK 

215 Ec LDCHK, MINFR      | 

216 fCi LDCHK           j 

217 
\ 

LDCHK           ! 

218 af LDCHK           | 

219 h LDCHK           1 

220 F rTY 
LDCHK 

221 P LDCHK 

222 FTO 
LDCHK 

223 FCPL 
LDCHK 
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TABLE IS.    BIP ARRAY VARIABLES (CGNT) 

Loc Engrg Symbol Description Subroutine Reference 

224 «RT LDCHK 

225 Sr I.nTHK 

226 Fsu LDCHK 

227 p 
BRU 

LDCHK 

228 KFIU 
LDCHK 

229 hm LDCHK 

230 hru LDCHK 

231 
• 

Not used 

• 

240 Not used 

241 Temperature of minor frame 
for maximum shear condition 
at cut, 0F, and correspond- 
ing material data in loca- 
tions 242 through 260 

LDCHK 

242 V LDCHK 

243 *c LDCHK 

244 Bc LDCHK 

245 ^c LDCHK, MINFR, 
BLKHDS, SECOST 
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TABLE 15.    BIP ARRAY VARIABLES (COOT) 

Loc Hngrg Symbol Description Subroutine Reference 

246 FCY 
I.nTHK, MINER, 
BLKHDS, SECX)ST 

247 Ar IJITHK 

248 *t LDCHK 

249 h LDCHK 

250 F 
TY 

LDCHK 

251 P LDCHK, MINER, 
BLKHDS, SECOST 

252 F 
TU 

LDCHK, MINER, 
BLKHDS, SECOST 

253 F 
CPL 

LDCHK 

254 ha LDCHK 

255 ST IJITHK 

256 Fsu LDCHK 

257 FBRU 
LDCHK 

258 KFru LDCHK, MINER 

259 Vru LUCHK 

260 
Kl'U LDCHK, BLKHDS, 

SECOST 
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TABLE 15.    FMP ARRAY VARIABLES (CONCL) 

Loc Engrg Symbol Description Subroutine Reference 

261 

300 

Not used 

Not used 
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TABLE 16. FM^T ARRAY VARIABLES 

Loc Description 
Subroutine 
Referencea 

1 Fuselage station of major frame 1, in. FFBME, MISQirr, SIM«Y, SPRINT 

2 Fuselage station of major frame 2, in. FFFME, MISCbTT, SUM^RY, SPRINT 

3 Fuselage station of major frame 3, in. FFKME, MISCOT, SIM1RY, SPRINT 

4 Fuselage station of major frame 4, in. FFPME, MISCWT, SUMRY, SPRINT 

5 Fuselage station of major frame 5, in. FFRME, MISCUTT, SUMRY, SPRINT 

6 Fuselage station of major frame 6, in. FFRME, MISCW, SIMRY, SPRINT 

7 Fuselage station of major frame 7, in. FFPME, MISOTT, SIM^RY, SPRINT 

8 Fuselage station of major frame 8, in. FFFME, MISCWT, SIMRY, SPRINT 

9 Fuselage station of major frame 9, in. FFRME, MISOTT, SIMRY. SPRINT 

10 Fuselage station of major frame 10, in. FFKME, MISOTT, SLMMRY, SFRINT 

11 Fuselage station of major frame 11, in. FFRME, MISOTT, Sl*WRY, SPRINT 

12 Fuselage station of major frame 12, in. FFRME, MISOTT, SIJM^RY, SPRINT 

13 Fuselage station of major frame 13, in. FFRME, MISOTT, SIM^RY, SPRINT 

14 Fuselage station of major frame 14, in. FFFME, MISCWT, SIM^RY, SPRINT 

15 Fuselage station of major frame 15, in. FFRME, MISCWT, SUWRY, SPRINT 

16 Synthesis segment of major frame 1 FFRME 

17 Synthesis segment of major frame 2 FFKME 

18 Synthesis segment of major frame 3 FFFME 

19 Synthesis segment of major frame 4 FFFME 

20 

1 

Synthesis segment of major frame 5 FFRME 
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TABLE 16. BWT ARRAY VARIABLES (CONT) 

Loc Description 
* Subroutine 

1       Reference3 

21 Synthesis segment of major frame 6 FFRME 

i 22 Synthesis segment of major frame 7 FFHC 

23 Synthesis segment of major frame 8 FFRME 

24 Synthesis segment of major frame 9 FFRME 

25 Synthesis segment of major frame 10 FFRME 

26 Synthesis segment of major frame 11 FFRME 

27 Synthesis segment of major frame 12 FFRME 

28 Synthesis segment of major frame 13 FFRME 

29 Synthesis segment of major frame 14 FFRME 

30 Synthesis segment of major frame IS FFRME 

31 Cap Weight of frame 1, lb FFRME 

x1 
l'.l|t »viit'.lll "1 llMlllr  ', ll> N-UMI; 

33 Cap weight of frame 3, lb FFRME 

34 Cap wcigbt of frame 4, Jb FFRME 

35 Cap weight of frame 5, lb FFRME 

36 Cap weight of frame 6, lb FFRME 

37 Cap weight of frame 7, lb FFRME 

38 Cap weight of frame 8, lb FFRME 

39 Cap weight of frame 9, lb FFRME 

40 Cap weight of frame 10, lb FFRME 
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TABLE 16. FMUTT ARRAY VARIABLES (CQNT) 

Subroutine 
Loc Description Reference8 

41 Cap weight of frame 11, lb FFIME 

42 Cap weight of frame 12, lb FFRME 

43 Cap weight of frame 13, lb FFPME 

44 Cap weight of frame 14, lb FFFME 

45 Cap weight of frame 15, lb FFRME 

46 Web weight of frame 1, lb FFFME 

47 Web weight of frame 2, lb FFRME 

48 Web weight of frame 3, lb FFRME 

49 Web weight of frame 4, lb FFRME 

50 Web weight of frame 5, lb FFRME 

51 Web weight of frame 6, lb FFFME 

52 '<eb weight of frame 7, lb FFRME 

53 Web weight of frame 8, lb FFRME 

54 Web weight of frame 9, lb FFFME 

55 Web weight of frame 10, lb FFRME 

56 Web weight of frame 11, lb FFRME 

57 Web weight of frame 12, lb FFRME 

58 Web weight of frame 13, lb FFRME 

59 Web weight of frame 14, lb FFRME 

60 Web weight of frame 15, lb FFRME 
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TABLE 16. mri ARRAY VARIABLES (OONT) 

Subroutine 
Loc Description Reference8 

61 Stiffener weight of frame 1, lb FFRME 

62 Sf.ffener weight of frame 2, lb FFRME 

63 Stiffener weight of frame 3, lb FFRME 

64 Stiffencr weight of frame 4, lb FFRME 

65 Stiffener weight of frame 5, lb FFRME 

66 Stiffener weight of frame 6, lb FFRME 

67 Stiffencr weight of frame 7, lb FFRME 

68 Stiffener weight of frame 8, lb FFRME 

69 Stiffener weight of frame 9, lb FFRME 

70 Stiffener weight of frame 10, lb FFRME 

71 Stiffener weight of frame 11, lb FFKME 

72 Stiffener weight of frame 12, lb FFRME 

73 Stiffener weight of frame 13, lb FFRME 

74 Stiffener weight of frame 14, lb FFRME 

75 Stiffener weight of frame 15, lb FFRME 

76 Total weight of major frame 1, lb FFRME, MlSCUrr, Sl^Y, SPRINT 

77 Total weight of major frame 2, lb FFRME, MISOirr, SLURRY, SPRINT 

78 Total weight of major frame 3, lb FFRME, MISCWT, SIMRY, SPRINT 

79 Total weight of major frame 4, lb FFRME, MISCWT, SIM1RY, SPRINT 

80 Total weight of major frame 5, lb FFRME, MISCWT, SUWRY, SPRINT 
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TABLE 16. BWT ARRAY VARIABLES (CONCL) 

Subroutine 
Loc Description Reference* 

81 Total weight of major frame 6, lb FFPME, MISCWT, SlJtWRy, SPRINT  1 

1 82 
Total weight of major frame 7, lb FFRME, MISCWT, SIMRY, SPRINT  1 

i '83 Total weight of major frame 8, lb FFRME, MISCWT, SlhWRY, SPRINT 

84 Total weight of major frame 9, lb FFRME, MISCWT, SUWRY, SPRINT  | 

! 85 Total weight of major frame 10, lb FFRME, MISCWT, SUMRY, SPRINT 

1 86 Total weight of major frame 11, lb FFRME, MISCWT, SUNMRY, SPRINT 

1 87 
Total weight of major frame 12, lb FFRME, MISCWT, SLWRY, SPRINT  1 

I 88 
Total weight of major frame 13, lb FFRME, MISCWT, SUNWRY, SPRINT  | 

1 89 
Total weight of major frame 14, lb FFRME, MISCWT, SUM^RY, SPRINT  i 

| 90 Total weight of major frame 15, lb FFRME, MISCWT, SUNWRY, SPRINT  i 

91 Total number of major frames in FFRME, MISCWT, SLMRY, SPRINT I 
this array 

NOTE FMUTT array starts at common locatioi i 1910. 

1 aSub routine MISCWT adds crew ejection and ramp frames to the list calculated 
in subroutine FFRME. 
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TARLli 17. SCOT ARRAY VARIABLES 

Subroutine 
Loc Description Reference* 

1 Length of pilot's canopy, in. 

2 Length of navigator's canopy, in. 

3 Length of windshield per pane, in. 

4 Width of windshield per pane, in. 

5 Number of windshield panes 

6 Angle of incidence, bird impact, deg 

7 Length of cockpit window per pane, in. 

8 Width of cockpit window per pane, in. 

9 Number of cockpit window panes 

10 Not used 

11 Length of cabin window per pane, in. 

12 Width of cabin window per pane, in. 

13 Number of cabin window panes 

14 Not used 

15 Crew floor area, ft^ 

16 Nose radomc surface area, ft^ 

17 Tail radomc surface area, ft 

18 Miscellaneous radomes surface area, ft^ 

19 Length of speed brake panel, in. 

260 



TABLE 17. SCOT ARRAY VARIABLES (CCNT) 

Loc Description 
Subroutine 
Reference3 

20 Width of speed brake panel, in. 

21 Area of speed brakes, ft2 

22 Not used 

23 Main landing gear door area, ft2 

24 Nose landing gear door area, ft2 

25 Aft cargo door area,  ft2 

26 Side cargo door area, ft2 

27 Forward loading ramp area, ft2 MISCWT 

28 Length of forward ramp, in. MISCWT 

29 Forward ramp toe/extension area, ft2 

30 Aft loading ramp area, ft2 MISCWT 

31 Length of aft ramp, in. MISCWT 

32 Aft ramp toc/cxtension area, ft2 

33 Internal pressure door area, ft2 

34 Length of pressure door, in. 

35 Width of pressure door,  in. 

36 Type of weapons bay door 
0, 1 = sliding door 

2 = single hinged 
3 ■ double hinged 

37 Weapons bay door area, ft2 
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'TABLE 17. SCDT ARRAY VARIABLES (GQWT) 

Loc Description 
Subroutine 
Reference* 

38 Number of guns 

39 Number of rounds of annunition 

40 Flight emergency exit area per door, ft2 

41 Number of flight emergency exit doors 

42 Ground emergency exit area per door, ft2 

43 Number of ground emergency exit doors 

44 Paratroop door area per door, ft2 

45 Number of paratroop doors 

46 Entrance door area per door, ft2 

47 Number of entrance doors 

48 Type of in-flight refueling provisions 
o, 1 = probe 

2 ■ boom 
3 = both 

49 Ram-air turbine door area, ft2 

50 Fingine removal door area, ft2 

51 Accessory access door area, ft2 

52 Thermal protection panel area, ft2 

53 Main landing gear pod surface area, ft2 

54 Miscellaneous fairing area, ft2 

55 Dorsal fin wetted area, ft2 
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TABLE 17. SCOT ARRAY VARIABLES (CCNCL) 

Loc Description 
Subroutine 
Reference0 

56 Length of cargo bay, in. 

57 Number of walkways in cargo bay 

58 Cargo bay floor area, ft^ 

59 Not used 

80 Not used 

NOTE: SCDT array starts at common location 921. 

ibis array is primarily used in subroutine SECOST and printed in 
subroutine SPRINT. Routines are referenced when specific variables 
are used by any other routines. 
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TABLE 18.    SCSI ARRAY VARIABLES 

Subroutine 
Loc Description Reference3 

1 Indicator or weight of pilots canopy 

2 Indicator or weight of navigator strike officer 
canopy 

3 Indicator or weight of windshield 

4 Indicator or weight of cockpit windows and 
ports 

5 Indicator or weight of cabin windows and ports 

6 Indicator or weight of cockpit flooring and 
supports 

7 Indicator or weight of stairway and ladder 

8 Indicator or weight of nose radome (RDNS) FWEIGH 

9 Indicator or weight of aft radome (RDTC) FWEIGH 

10 Indicator or weight of miscellaneous radomes 

11 Indicator or weight of speed brakes 

12 Weight of other secondary structure component, lb 

13 Indicator or weight of main landing gear door 

14 Indicator or weight of nose landing gear door 

15 Indicator or weight of aft cargo doors 

16 Indicator or weight of side cargo doors 

17 Indicator or weight of forward loading ramp MISCWT 

18 Indicator or weight of forward ramp toe/ 
extension 
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TABLE 18. SCSI ARRAY VARIABLES (GONT) 

1 Subroutine  | 

1 L00 Description Reference* | 

!  19 Indicator or weight of aft loading ramp Misoirr  1 

1  20 Indicator or weight of aft ramp toe/extension 

i  21 Indicator or weight of internal pressure door 

22 Indicator or weight of weapons bay doors 

23 Indicator or weight of gun access doors 

|  24 Indicator or weight of aranunition access doors 

|  25 Indicator or weight of flight emergency exit doors 

!  26 Indicator or weight of ground emergency exit doors 

|  27 Indicator or weight of paratroop doors 

1  28 
Indicator or weight of spoiler deflectors- 
paratroop 

|  29 Indicator or weight of entrance doors 

|  30 Indicator or weight of miscellaneous access doors 

1  31 Indicator or weight of in-flight refueling doors 

1  32 
Indicator or weight of ram-air turbine doors 

33 Indicator or weight of engine removal doors 

1  34 Indicator or weight of accessory access doors 

35 Indicator or weight of thermal protection panels 

36 Indicator or weight of main landing gear pod 

37 Indicator or weight of miscellaneous fairings 
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TABLE 18. SCSI ARRAY VARIABLES (CONTT) 

Subroutine 
Loc Description Reference8 

38 Indicator or weight of dorsal fin panels 

39 Indicator or weight of walkways, steps, and grips 

40 Indicator or weight of antiskid protection 

41 Indicator or weight of exterior finish 

42 Indicator or weight of interior finish 

43 Indicator or weight of cabin flooring and supports 

44 
0 

Not used 

50 Not used 

51 X-CG ot pilot's canopy, in. 

52 X-CG of navigator strike officer canopy, in. 

53 X-(G of windshield, in. 

54 X-CG of cockpit windows and ports, in. 

55 X-CG of cabin windows and ports, in. 

56 X-CG of cockpit flooring and supports, in. 

57 X-CG of stairway and ladder, in. 

58 X-CG of nose radome, in. 

59 X-CG of aft radome, in. 

60 X-CG of miscellaneous radomcs, in. 

61 X-CG of speed brakes, in. 

62 X-CG of other secondary structure conponent, in. 
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TABLE 18.    SCSI ARRAY VARIABLES (OCM) 

Subroutine  | 

1 ^oc Description Reference3  | 

\   63 X-CC) of main landing gear door, in. 

1 64 
X-CG of nose landing gear door, in. 

1  65 X-CG of aft cargo doors, in. 

1  66 
X-CG of side cargo doors, in. 

1  67 X-CG of forward loading ramp, in. MISCWT   j 

68 X-CG of forward ramp toe/extension, in. 

|  69 X-CG of aft loading ramp, in. MISCWT   j 

1  70 X-CG of aft ramp toe/extension, in. 

1  71 
X-CG of internal pressure door, in. 

I  72 
X-CG of weapons bay doors, in. 

1  73 X-CG of gun access doors, in. 

74 X-CG of ammunition access doors, in. 

75 X-CG of flight emergency exit doors, in. 

76 X-CG of ground emergency exit doors, in. 

77 X-CG of paratroop doors, in. 

78 X-CG of spoilers deflectors-paratroop, in. 

79 X-CG of entrance doors, in. 

80 X-CG of misccJlaneous access doors, in. 

81 X-CG of in flight refueling doors, in. 
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TABLE 18. SCST ARRAY VARIABLES (CONCL) 

Loc Description 
Subroutine 
Reference8 

82 X-CG of ram-air turbine doors, in. 

83 X-CC, of engine removal doors, in. 

84 X-CG of accessory access doors, in. 

85 X-CG of thermal protection panels, in. 

86 X-CG of main landing gear pod, in. 

87 X-CG of miscellaneous fairings, in. 

88 X-CG of dorsal fin panels, in. 

89 X-CG of walkways, steps, and grips, in. 

90 X-CG of antiskid protection, in. 

91 S-CG of exterior finish, in. 

92 X-CG of interior finish, in. 

93 X-CG of cabin flooring and supports, in. 

94 Not used 
• 

100 Not used 

NOTE: SCST array starts at cornuon location 821. 

ihis array is primarily used in subroutines SEOOST, SUNWAR 
Routines are referenced when specific variables are used b 
routines. 

Y, and SPRINT, 
y any other 
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TABLE 19. SCOT ARRAY VARIABLES 

Loc Description 

1 Pilot's canopy and mechanisms weight, lb 

2 Navigator strike officer canopy and mechanisms weight, lb 

3 Windshield and framing weight, lb 

4 Cockpit windows and ports weight, lb 

5 Cabin windows and ports weight, lb 

6 Cockpit flooring and support weight (secondary structure"), lb 

7 Staii^ay and ladder weight, lb 

8 Nose radome and mechanisms weight, lb 

9 Aft radome and mechanisms weight, lb 

10 Miscellaneous radome weight, lb 

11 Speed brakes structure and supports weight, lb 

12 Weight of other secondary structure component, lb 

13 Main landing gear door weight, lb 

14 Nose landing gear door weight, lb 

15 Aft caigo doors and mechanisms weight, lb 

16 Side cargo doors and mechanisms weight, lb 

17 Forward loading ramp and mechanisms weight, lb 

18 Forward ramp toe/extension weight, lb 

19 Aft loading ramp and mechanisms weight, lb 

20 Aft ramp toc/cx tens ion weight, lb 

21 Internal pressure door weight, lb 
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TABLE 19. SOTT ARRAY VARIABLES (OONT) 

Loc Description 

22 Weapons bay doors and mechanisms weight, lb 

23 Gun access doors weight, lb 

24 Ammunition access doors weight, lb 

25 Flight emergency exit doors weight, lb 

26 Ground emergency exit doors weight, lb 

27 Paratroop doors weight, lb 

28 Spoilers deflectors weight - paratroop doors, lb 

29 Hntrance doors weight, lb 

30 Miscellaneous access doors weight, lb 

31 In-flight refueling doors weight, lb 

32 Ram-air turbine doors weight, lb 

33 Engine removal doors weight, lb 

34 Accessory access doors weight, lb 

35 Thermal protection panels weight, lb 

36 Main landing gear pod weight, lb 

37 Miscellaneous fairings weight, lb 

38 Dorsal fin panels weight, lb 

39 Walkways, steps, and grips weight, lb 

40 Antiskid protection weight, lb 

41 Exterior finish weight, lb 
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TABLE 19.    SCm ARRAY VARIABLES (CONCL) 

Loc Description 

42 

43 

44 
• 

50 

Interior finish weight, lb 

Cabin flooring and supports weight (basic structure), lb 

Not used 

Not used 

NOTE: SCWT array starts at coninon location 3951. This array is 
calculated in subroutine SEGOST, used for summary calculations 
in subroutine SUMRY, and printed in subroutine SPRINT. 
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TABLE 20. SIMi ARRAY VARIABLES 

Loc Description 
Subroutine 
Reference 

1 Total minor frame weight, ib SUWRY, SPRINTT 

2 X-CG minor frames, in. SUNWRY, SPRINT 

3 Total joints, splices, and fasteners weight, lb Sl*WRY, SPRIOT 

4 X-CG joints, splices, and fasteners, in. SLWRY, SPRINT 

5 Total upper sector cover weight, lb SIMIRY, SPRINT 

6 X-CG upper sector cover, in. SIMRY, SPRINT 

7 Total side sector cover weight, Ib SUMMRY, SPRINT 

8 X-CG side sector cover, in. SUNWRY, SPRINT 

9 Total lower sector cover weight, lb SIMRY, SPRINT 

10 X-CG lower sector cover, in. SUMMRY, SPRINT 

11 Total secondary longitudinal member weight, lb SUMRY, SPRINT 

12 X-CG secondary longitudinal members, in. SUWRY 

13 Total upper longerons or stringers weight, lb SIM^RY, SPRINT 

14 X-CG upper longerons or stringers, in. SIM^RY 

15 Total side stringers weight, lb SUMMRY, SPRINT 

16 X-CG side stringers, in. SUMMRY 

17 Total lower longerons or stringers weight, lb SUNWRY, SPRINT 

18 X-CG lower longerons or stringers, in. SUMMRY 

19 Total partitions weight, lb SUNWRY, SPRINT 

20 X-CG partitions, in. SUNWRY, SPRINT 
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TABLE 20. SIM1 ARRAY VARIABLES (CONTj 

Loc Description 
Subroutine 
Reference 

21 Total major frames and bulkheads weight, lb SUM^RY, SPKim 

22 X-CG major frames and bulkheads, in. SIM1FY, SPRINT 

23 lingine drag beam weight, lb MISCWT, SUMRY, SPRINT 

24 X-CG engine drag beam, in. MISCWT, SlMiRY, SPRINT 

25 Total wing and empennage fittings weight, lb MISCWT, SUM^RY, SPRINT 

26 X-CG wing and empennage fittings, in. MISCWT. SUM^RY, SPRINT 

27 Cabin flooring and support weight, lb SIMiRY, SPRINT 

28 X-CG cabin flooring and supports, in. SUMWY, SPRINT 

29 Total upper cutout longerons weight, ib SUMMRY, SPRINT 

3C X-CG upper cutout longerons, in. SIM^RY 

31 Total lower cutout longerons weight, lb SIM^RY, SPRINT 

32 X-CG lower cutout longerons, in. SUMMRY 

33 Not used 
• 

40 Not used 

41 Total upper stringers weight, lb SIM^RY, SPRINT 

42 X-CG upper stringers, in. SUMMRY, SPRINT 

43 Total side stringers and secondary 
longitudinal members weight, lb 

SIM^RY, SPRINT 

44 X-CG side stringers and secondary 
longitudinal members, in. 

SUMMRY, SPRINT 
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TABLE 20. SIM ARRAY VARIABLES (Q mi) 

Subroutine 
Loc Description Reference 

45 Total lower stringers weight, lb SUMMRY, SPRINT 

46 X-CG lower stringers, in. SlfWRY, SPRINT 

47 Total upper longerons and cutout longerons 
weight, lb 

SUNWRY, SPRINT 

48 X-CG upper longerons and cutout longerons, in. SUMRY, SPRINT 

49 Total lower longerons and cutout longerons 
weight, lb 

SUMMRY, SPRINT 

50 X-CG  lower longerons and cutout longerons, in. SUMRY, SPRINT 

51 Not used 
# 

60 Not used 

61 Total basic structure weight, lb SUMMRY, SPRINT, FUS02 

62 X-CG basic structure, in. SIM^RY, SPRINT 

63 Total secondary structure weight 
fAN-9102-D, page 9), lb 

SUMMRY, SPRINl, hüSüZ 

64 X-CG secondary structure, in. SUNWRY, SPRINT 

65 Total doors panels and miscellaneous weight 
(AN-9102-D, page 10), lb 

SUNWRY, SPRINT, FUS02 

66 X-CG doors panels and miscellaneous, in. SUMMRY, SPRINT 

67 Total fuselage weight, lb SUMMRY, SPRINT, FUS02 

68 X-CG fuselage structure, in. SUMMRY, SPRINT, FUS02 

69 Not used 
0 

100 Not used 

NOTE SU^W array starts at common location 4001. S 
S\MA array prior to any weight calculations. 

ubroutine FUSSHL clears 
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TABLE 21. S21 ARRAY VARIABLES 

Variable Subroutine 
Loc Name Description Reference 

1 X-coordinate of wing leading edge 
apex, in. 

FARLD, SPRINT 

2 XWFS X-coordinate of wing front spar FRMEG, FLDDT, 
support frame, in. MISCOT, SPRINT 

3 XWRS X-coordinate of wing rear spar FRMEG, FLDDT, 
support frame, in. MISCWT, SPRINT 

4 XWIS X-coordinate of wing intermediate FRMEG, FLDDT, 
spar support frame, in. MISCWT, SPRINT 

5 YWSF Y-coordinate of wing-fuselage FRMEG, FLDDT, 
interface, in. SPRINT 

6 ZWSF Z-coordinate of wing-fuselage 
interface, in. 

FRMEG, SPRINT 

7 WLT Wing attach-type indicator 
0 ■ Shear tie 
1 = Shear and moment tie 

FLDDT, SPRINT 

8 XHFS X-coordinate of horizontal tail FRMEG, FLDDT, 
front spar support frame, in. MISCWT, SPRINT 

9 XHRS X-coordinate of horizontal tail FRMEG, FLDDT, 
rear spar support frame, in. MISCWT, SPRINT 

10 YHSF Y-coordinate of horizontal tail- FRMEG, FLDDT, 
fuselage interface, in. SPRINT 

11 ZHSF Z-coordinate of horizontal tail- 
fuselage interface, in. 

FRMEG, SPRINT 

12 HCT Horizontal tail attach-type 
indicator 

0 = Shear tie 
1 » Shear and moment tie 
2 ■ Spindle-mounted 

FLDDT, SPRINT 

13 l XVFS X-coordinate of vertical tail FRMEG, FLDDT, 
front spar support frame, in. MISCWT, SPRINT 

14 XVRS X-coordinate of vertical tail FRMEG, FLDDT, 
rear spar support frame, in. MISCWT, SPRINT 

15 YVSF Y-coordinate of vertical tail- FRMEG, FLDDT, 
fuselage interface, in. SPRINT 

16 ZVSF Z-coordinate of vertical tail- FRMEG, FLDDT, 
fuselage interface, in. SPRINT 

17 VCT Vertical tail attach-type 
indicator 

0 - Shear tie 
1 *  Shear and moment tie 
2 ■ Spindle-mounted 

FLDDT, SPRINT 
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TABLE 21. S21 ARRAY VARIABLES (CCWT) 

Variable Subroutine 
Loc Name Description Reference 

18 XNFS X-coordinate of nacelle forward FRMEG, FLDDT, 
support frame, in. MISCWT, SPRINT 

19 XNRS X-coordinate of nacelle rear FRMEG, FLDDT, 
support frame, in. MISCWT, SPRINT 

20 YNSF Y-coordinate of nacelle pylon- FRMEG, FLDDT, 
fuselage interface, in. SPRINT 

21 ZNSF Z-coordinate of nacelle pylon- 
fuselage interface, in. 

FRMEG, SPRINT 

22 XDFS X-coordinate of other component FRMEG, FLDDT, 
(Store) forward support MISCWT, SPRINT 
frame, in. 

23 XORS X-coordinate of other component FRMEG, FLDDT, 
(store) rear support MISCWT, SPRING 
frame, in. 

24 YOSF Y-coordinate of other component FRMEG, FLDDT, 
pylon-fuselage interface, in. SPRINT 

25 ZOSF Z-coordinate of other component 
pylon-fuselage interface, in. 

FRMEG, SPRINT 

26 XNGG X-coordinate of nose gear tires. FLDDT, SPRINT 

27 XNGT 
in. 

X-coordinate of nose gear trun- FRMEG, FLDDT, 
nion frame, in. SPRINT 

28 XNGD X-coordinate of nose gear drag FRMEG, FLDDT, 
• strut frame, in. SPRINT 

29 Not used 
30 YNGS Y-coordinate of nose gear strut- 

fuselage interface, in. 
FRMEG, SPRINT 

31 ZNGS Z-coordinate of nose gear strut- 
fuselage interface, in. 

FRMEG, SPRINT 

32 XMGG X-coordinate of main gear tires, 
• 

FLDDT, SPRINT 

33 XMGT 
in» 

X-coordinate of main gear trun- FRMEG, FLDDT, 
nion frame, in. SPRINT 

34 XMRP X-coordinate of main gear drag FRMEG, FLDDT, 
strut frame, in. SPRINT 

35 YMGG Y-coordinate of main gear tires. FLDDT, SPRINT 

36 YMGS 
in. 

Y-coordinate of main gear strut- FRMEG, FLDDT, 
fuselage interface, in. SPRINT 

37 ZMGS Z-coordinate of main gear strut- 
fuselage interface, in. 

FRMEG, SPRINT 
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TABLE 21. S21 ARRAY VARIABLES (CONCL) 

Loc 
Variable 
Name Description 

Subroutine 
Reference 

38 

39 
40 
41 

42 
43 

44 
45 

46 

47 

48 

49 

50 

51 

CRV 

TOC 

Z-coordinate of ground at main 
gear, in. 

Not used 
Not used 
Number of crewmembers 

X-CG of crew, in. 
Number of engines 

Engine diameter, in. 
X-coordinate or engine front 

face, in. 
Engine length, in. 

Wing chord at side of fuselage, 
in. 

Horizontal tail chord at side of 
fuselage, in. 

Vertical tail chord at inter- 
section of fuselage, in. 

Wing thickness to chord ratio at 
side of fuselage 

Thrust per engine, lb 

SPRINT 

MISCWT. SECOST, 
SPRINT 
MISCWT 
MISCWT, SECOST, 
SPRINT 
SECOST, SPRINT 
MISCWT, SECOST, 
SPRINT 
MISCWT, SECOST, 
SPRINT 
SECOST, SPRINT 

FRMEG, MISCWT 

FRMEG, MISCWT 

MISCWT 

NOTE  S21 array starts at common location 1001. 
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TABLE 22. S22 ARRAY VARIABLES 

Variable Engrg Subroutine 
Loc Name Symbol Description Reference 

1 Type of input loads data 
1 ■ Input (inactive) 
2 - Conpute from component 

data 

FUSED 

2 Load condition-type indicator 
1 = Balanced flight with 

flaps up 
2 = Balanced flight with 

flaps down 
3 ■ Two-wheeled landing 
4 ■ Vertical gust 
5 ■ Lateral gust 
6 ■ Pitching acceleration 
7 ■ Yawing acceleration 
8 « Taxi 

FUSED 

3 Not used 
4 Not used 
5 IMP Structure temperature at design 

load condition, 0F 
FUSED 

6 FAC1 Limit load to ultimate load 
factor 

FUSED, FEDIN, 
FEDDT, FEDNT 

7 FNZO Nz Vehicle limit vertical load FUSED, FEDDT, 
factor DUNWY1, FEDNT 

8 "v Vehicle limit lateral load 
factor (inactive) 

9 XAPX 

• 

X-coordinate of wing leading 
edge apex, in. 

FARED 

10 QDOT Q Vehicle pitching acceleration, FUSED, FEDDT, 
raJians/scc^ UUNWY1, FUM 

11 R Vehicle yawing acceleration, 
(inactive), radians/sec2 

12 SSPD Vehicle sink speed at landing, 
ft/sec 

FEDDT 

13 STKE Landing gear stroke, in. FLDDT 
14 FMN M Mach number at design 

condition, M 
FUSED 

15 ALT Altitude at design condition FUSED 
16 PZN Nose lift, lb FEDDT, DlMflfl 
17 XCPN X-coordinate of nose lift, in. FLDDT, DUNWyi, 

FARED 
18 PZBW Body lift in presence of 

wing, lb 
FLDDT, IXMiyi, 
FARED 
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TABUi 22. S22 ARRAY VARIABLES (CONT) 

Variable Hngrg Subroutine 
Loc Name S>inbol Description Reference 

19 XCPB X-coordinate of body lift in 
presence of wing, in. 

FLUDT, UUNWY1 
FARLD 

20 PZWB Wing outer panel lift, lb FLDDT, DUMMY1 
21 XCPW X-coordinate wing outer panel 

lift, in. 
FLDUT, DUIWY1 

22 YCPW Y-coordinate of wing outer panel 
CP, in. 

FLDDT 

23 PZ11 Horizontal tail lift, lb FLDDT, DUNNY1 
24 XCPH X-coordinate of horizontal tail 

lift, in. 
FLDDT, DUNWYl 

25 YCPH Y-coordinate of horizontal tail 
CP, in. 

FLDDT 

26 PYV Vertical tail lateral airload, 
lb 

FLDDT 

27 XCPV X-coordinate of vertical tail 
lateral airload, in. 

FLDDT 

28 ZCPV Z-coordinate of vertical tail 
CP, in. 

FLDDT 

29 Not used 
30 Not used 
31 BMIY(l) Input longitudinal bending FLDIN 

• moment at shell synthesis 
50 BMIY(20) cuts (inactive), in.-lb 
51 EMIX(l) Input cross-ship moment at FLDIN 

• • shell synthesis cuts 
70 BMIX(20) (inactive), in.-lb 
71 VIZ(1) Net input vertical shear at FLDIN 

• • shell synthesis cuts 
90 VIZ(20) (inactive), in.-lb 
91 Not used 

• • To 
100 Not used 
101 DGW Vehicle design weight, lb FUSLD, FLDDT, 

DUNWYl 
102 XCG X-coordinate of vehicle CG, in. FUSLD, FLDDT, 

DUNMY1, FLDNT 
103 Not used 
104 ZCG Z-coordinate of vehicle CG, in. FLDDl, DUNMYl, 

FLDNT 
105 Not used 
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TABLE 22. S22 ARRAY VARIABLES (CONT) 

Variable Engrg Subroutine 
Loc Name Symbol Description Reference 

106 TIYY Vehicle pitch inertia, lb-in.^ FLDDT, DUNMY1 
107 Vehicle yaw inertia (inactive), 

lb-in.2 
108 mr Wing and content weight, lb FLDUT, DUNWYl 
109 XWCG X-coordinate of wing and content 

CG, in. 
FLDDT, DUMW1 

110 YWCG Y-coordinate of wing and content 
CG, in. 

FLDDT 

111 2WCG Z-coordinate of wing and content 
CG, in. 

FLDDT, DUMW1 

112 Not used 
113 WIOY Pitch inertia of wing and con- 

tents about wing CG, lb-in. 
FLDDT, DUMYl 

114 Yaw inertia of wing and con- 
tents about wing CG (inactive), 
lb-in.2 

115 HWT Horizontal tail and content 
weight, lb 

FLDDT, DUMY1 

116 XHCG X-coordinate of horizontal tail 
and content CG, in. 

FLDDT, DUNWl 

117 YHCG Y-coordinate of horizontal tail 
and content CG, in. 

FLDDT 

118 ZHCG Z-coordinate of horizontal tail 
and contents CG, in. 

FLDDT, DUNWYl 

119 Not used 
120 HIOY Pitch inertia of horizontal tail 

and content about tail CG, 
lb-in.2 

FLDDT, DUMY1 

121 Yaw inertia of horizontal tail 
and contents about tail CG 
(inactive), lb-in. 

122 wr Vertical tail and contents 
weight, lb 

FLDD1', DIM1Y1 

123 XVCG X-coordinate of vertical tail 
and content CG, in. 

FLDDT, DUNMYl 

124 Y-coordinate of vertical tail 
and content CG (inactive), in. 

125 ZVCG Z-coordinate of vertical tail 
and content CG, in. 

FLDDT, DUMWl 

126 Not used 
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TABLE 22. S22 ARRAY VARIABLES (CÜNT) 

Variable Engrg Subroutine  ; 
! Loc Name Symbol Description Reference  j 

1 127 
VIOY Pitch inertia of vertical tail 

and contents about tail Cü, 
lb-in.2 

FLDDT, ÜIM1Y1 | 

1 128 
Yaw inertia of vertical tail and 

contents about tail CG 
(inactive), lb-in. 

1 129 AIWT Nacelle and contents weight, lb FLDUI, IXM1Y1 | 
| 130 XACG X-coordinate of nacelle and 

contents CG, in. 
FLDDT, DUNMY1 [ 

1 131 YACG Y-coordinate of nacelle and 
contents CG, in. 

FLDDT 

| 132 ZACG Z-coordinate of nacelle and 
contents CG, in. 

FLDDT, DUMYl | 

1 133 
Not used 

134 AIOY Pitch inertia of nacelle and 
contents about nacelle CG, 
lb-in.2 

FLDDT, DIM1Y1 | 

i 135 Yaw inertia of nacelle and 
contents about nacelle CG 
(inactive), lb-in.2 

j 136 STWT Other component or store 
weight, lb 

FLDDT, DUMYl | 

1 137 XST X-coordinate of other com- 
ponent (store) CG, in. 

FLDDT, DUNWY1 

i 138 VST Y-coordinate of other com- 
ponent (store) CG, in. 

FLDDT 

| 139 ZST Z-coordinate of other com- 
ponent (store) CG, in. 

FLDDT, DUNWY1 | 

| 140 Not used 
1 141 SIOY Pitch inertia of other com- 

ponent (store) about 
component CG, lb-in.2 

FLDDT, DUNMY1 | 

j 142 Yaw inertia of other com- 
ponent (store) about 
component CG (inactive), 
lb-in.2 

143 Not used 
}     * To 

150 Not used 
1 151 WFC(l) Weight of fuselage contents FUSED, DIM1Y1, 

• • within segments, lb FLDNT       j 
170 1 WFC(20) 
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TABLE 22.    S22 ARRAY VARIABLES (CONCL) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference 

171 
• 

190 
191 

200 

WFUS(l) 

WFIJS(20) 

Weight of fuselage within 
segments, lb 

Not used 
To 
Not used 

FUSLD, wtmi, 
FLDNT 

NOTE   522 array starts at common location 1101.   All variables in this 
array are transferred from mass storage file records by subroutines 
FUSLD.                
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TABLE 23. S6 ARRAY VARIABLES 

Loc 
Variable 
Name 

Engrg 
Symbol Description 

Subroutine 
Reference3 

1 XNGT X-coordinate of nose gear trunnion 
frame, in. 

FRMEG, FFRME 

2 XNGD X-coordinate of nose gear drag 
strut frame, in. 

FRMEG, FFRME 

3 XMGT X-coordinate of main gear trunnion 
frame, in. 

FRMEG, FFRME 

4 XMGD X-coordinate of main gear drag 
strut frame, in. 

FRMEG, FFRME 

5 XWFS X-coordinate of wing front spar 
frame, in. 

FRMEG, FFRME 

6 »VIS X-coordinate of wing intennediate 
spar frame, in. 

FRMEG, FFRME 

7 XWRS X-coordinate of wing rear spar 
frame, in. 

FRMEG, FFRME 

8 XHFS X-coordinate of horizontal tail 
front spar frame, in. 

FRMEG, FFRME 

9 XHRS X-coordinate of horizontal tail 
rear spar fiame, in. 

FRMEG, FFRME 

10 XVFS X-coordinate of vertical tail 
front spar frame, in. 

FRMEG, FFRME 

11 XVRS X-coordinate of vertical tail rear 
spar frame, in. 

FRMEG, FFRME 

12 XNFS X-coordinate of nacelle forward 
support frame, in. 

FRMEG, FFRME 

13 XNRS X-coordinate of nacelle rear 
support frame, in. 

FRMEG, FFRME 
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TABI£ 23. S6 ARRAY VARIABLES (GONT) 

Loc 
Variable 
Name 

Engrg 
Symbol Description 

Subroutine 
Reference3 

14 XOFS X-coordinate of other component 
forward support frame, in. 

FRMEG, FFPME 

15 XORS X-coordinate of other component 
rear support frame, in. 

FRMEG, FFRME 

16 Synthesis segment in which XNGT 
is located 

FRMEG, FFRME 

17 Synthesis segment in which XNGD 
is located 

FRMEG, FFRME 

18 Synthesis segment in which XMGT 
is located 

FRMEG, FFRME 

19 Synthesis segment in which XMGD 
is located 

FRMEG, FFRME 

20 Synthesis segment in which XWFS 
is located 

FRMEG, FFRME 

21 Synthesis segment in which XWIS 
is located 

FRMEG, FFRME 

22 Synthesis segment in which XWRS 
is located 

FRMEG, FFRME 

23 Synthesis segment in which XHFS 
is located 

FRMEG, FFRME 

24 Synthesis segment in which XHRS 
is located 

FRMEG, FFRME 

25 Synthesis segment in which XVFS 
is located 

FRMEG, FFRME 

26 Synthesis segment in which XVRS 
is located 

FRMEG. FFRME 
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TABLE 23. S6 ARRAY VARIABLES (CONT) 

1 Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference8 j 

27 Synthesis segment in which XNFS is 
located 

FRMEG, FFRME 

1  28 Synthesis segment in which XNRS is 
located 

FRMEG, FFRME j 

29 Synthesis segment in which XOFS is 
located 

FRMEG, FFRME 

30 Synthesis segment in which XORS is 
located 

FRMEG, FFRME 

1  31 Angle to fuselage-component inter- 
face at XNGT, radians 

FRMEG, FFRME | 

|  32 Angle to fuselage-component inter- 
face at XNGD, radians 

FRMEG, FFRME 

|  33 Angle to fuselage-component inter- 
face at XMGT, radians 

FRMEG, FFRME 

34 Angle to fuselage-component inter- 
face at XMGI), radians 

FRMEG, FFRME 

|  35 Angle to fuselage-component inter- 
face at XWIS, radians 

FRMEG, FFRME 

36 Angle to fuselage-component inter- 
face at XWIS, radians 

FRMEG, FFRME 

37 Angle to fusel age-component inter- 
face at XWRS, radians 

FRMEG, FFRME 

38 Angle to fuselage-component inter- 
face at XHFS, radians 

FRMEG, FFRME 

39 Angle to fuselage-component inter- 
face at XHRS, radians 

FRMEG, FFRME 
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TABLE ; >3. S6 ARRAY VARIABLES (CONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference* 

40 Angle to fuselage-component inter- 
face at XVFS, radians 

FRMEG, FFFME 

41 Angle to fuselage-component inter- 
face at XVRS, radians 

FBMEG, FFFME 

42 Angle to fuselage-component inter- 
face at XNFS, radians 

FBMEG, FFRME 

43 Angle to fuselage-component inter- 
face at XNRS, radians 

FRMEG, FFRME 

44 Angle to fuselage-component inter- 
face at XOFS, radians 

FRMEG, FFRME 

45 Angle to fuselage-component inter- 
face at XORS, radians 

FRMEG, FFRME 

46 EV Vertical load on right side of 
XNGT frame, lb 

FLDIN, 
FFRME 

FLDDT, 

47 EV Vertical load on right side of 
XNGD frame, lb 

FLDIN, 
FFRME 

FLDDT, 

48 EV Vertical load on right side of 
XMGT frame, lb 

FLDIN, 
FFFME 

FLDDT, 

49 EV Vertical load on right side of 
XMfiT) frame, lb 

FLDIN, 
FFFME 

FLDDT, 

50 EV Vertical load on right side of 
XWFS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDCHK 

51 EV Vertical load on right side of 
XWIS frame, lb 

FLDIN, 
FFFME, 

FLDDT, 
LDCHK 

52 EV Vertical load on right side of 
XWRS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDCHK 
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TABLE 23. S6 ARRAY VARIABLES (CONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference8 

53 EV Vertical load on right side of 
XHFS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDCHK 

54 EV Vertical load on right side of 
XHRS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDCHK 

55 EV Vertical load on right side of 
XVFS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

56 EV Vertical load on right side of 
XVRS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

57 EV Vertical load on right side of 
XNFS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDCHK 

58 EV Vertical load on right side of 
XNRS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDCHK 

59 EV Vertical load on right side of 
XOFS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDOÄ 

60 EV Vertical load on right side of 
XORS frame, lb 

FLDIN, 
FFRME, 

FLDDT, 
LDCHK 

61 EV Vertical load on left side of 
XNGT frame, lb 

FLDIN, 
FFRME 

FLDDT, 

62 EV Vertical load on left side of 
XNGD frame, lb 

FLDIN, 
FFRME 

FLDDT, 

63 EV Vertical load on left side of 
XMGT frame, lb 

FLDIN, 
FFRME 

FLDDT, 

64 EV Vertical load on left side of 
XMGD frame, lb 

FLDIN, 
FFRME 

FLDDT, 

65 EV Vertical load on left side of 
XWFS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

287 



TAELE 23. S6 ARRAY VARIABLES (CONTj 

Loc 
Variable 
Name 

Engrg 
Symbol Description 

Subroutine 
Reference3 

66 EV Vertical load on left side of 
XWIS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

67 EV Vertical load on left side of 
XWRS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

68 EV Vertical load on left side of 
XHFS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

69 EV Vertical load on left side of 
XHRS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

70 EV Vertical loa-' on left side of 
XVFS frame, ib 

FLDIN, 
FFRME 

FLDDT, 

71 EV Vertical load on left side of 
XVRS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

72 EV Vertical load on left side of 
XNFS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

73 EV Vertical load on left side of 
XNRS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

74 EV Vertical load on left side of 
XOFS frame, lb 

FLDIN, 
FFRME 

FIDDT, 

75 EV Vertical load on left side of 
XORS frame, lb 

FLDIN, 
FFRME 

FLDDT, 

76 EH Lateral load on right side of 
XNGT frame, lb 

FFRME 

77 EH Lateral load on right side of 
XNGD frame, lb 

FFRME 

78 EH Lateral load on right side of 
XMGT frame, lb 

FFRME 
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TABLE 25. S6 ARRAY VARIABLES (CONT) 

Variable Engrg Subroutine 
Loc Name Symbol Description Reference8 

79 EH Lateral load on right side of 
XMGD frame, lb 

FFRME 

80 EH Lateral load on right side of 
XWFS frame, lb 

FFRME 

81 EH Lateral load on right side of 
XWIS frame, lb 

FFRME 

82 EH Lateral load on right side of 
XWRS frame, lb 

FFRME 

83 EH Lateral load on right side of 
XHFS frame, lb 

FFRME 

84 EH Lateral load on right side of 
XHRS frame, lb 

FFRME 

85 EH Lateral load on right sit i of 
XVFS frame, lb 

FLDDT, FFRME 

86 EH Lateral load on right side of 
XVRS frame, lb 

FLDDT, FFRME 

87 EH Lateral load on right side of 
XNFS frame, lb 

FFRME 

88 EH Lateral load on right side of 
XNRS frame, lb 

FFRME 

89 EH Lateral load on right side of 
XOFS frame, lb 

FFRME 

90 EH Lateral load on right side of 
XORS frame, lb 

FFRME 

91 EH Lateral load on left side of FFPME 

XNGT frame, lb 
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TABLE 23.    S6 ARRAY VARIABLES (GOtfr) 

j Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine | 
Reference* \ 

i 92 
EH Lateral load on left side of 

XNGD frame, lb 
FFPME 

93 EH Lateral load on left side of 
XMGT frame, lb 

FFFME 

i 94 H Lateral load on left side of 
XMGD frame, lb 

FFRME 

i 95 
EH Lateral load on left side of 

XWFS frame, lb 
FFRME      | 

1 96 EH lateral load on left side of 
XWIS frame, lb 

FFRME 

97 EH Lateral load on left side of 
XWRS frame, lb 

FFRME 

98 EH Lateral load on left side of 
XHFS frame, lb 

FFRME 

99 EH Lateral load on left side of 
XHRS frame, lb 

FFRME 

100 EH Lateral load on left side of 
XVFS frame, lb 

FLDDT, FFRME j 

101 EH Lateral load on left side of 
XVRS frame, lb 

FLDDT, FFFME | 

102 EH Lateral load on left side of 
XNFS frame, lb 

FFRME 

103 EH Lateral load on left side of 
XNRS frame, lb 

FFRME 

104 EH Lateral load on left side of 
XOFS frame, lb 

FFRME 
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TABLE 23. S6 ARRAY VARIABLES (CONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference* j 

1 105 
EH Lateral load on left side of XORS 

frame, lb 
FF1WE 

i 

| 106 

i 107 

I 108 

EM 

m 

EM 

Moment on right side of XNGT frame, 
in.-lb 
Moment OT> right side of XNGD frame, 
in.-lb 
Moment on right side of XMGT frame, 
in.-lb 

FLDIN. FFRME | 

FLDIN, FFRME | 

FLDIN, FLDDT, 
FFRME      | 

| 109 EM Moment on right side of XMGD frame, 
in.-lb 

FLDIN, FLDDT, 
FFRME      \ 

| no i^M Moment on right side of XWFS frame, 
in.-lb 

FLDIN. FI.DDT. 
FFRME      ' 

111 EM Moment on right side of XWIS frame, 
in.-lb 

FLDIN, FLDDT, 
FFRME 

112 EM Moment on right side of XWRS frame, 
i8.-lb 

FLDIN, FLDDT, 
FFRME      j 

113 m Moment on right side of XHFS frame, 
in.-lb 

FLDIN, FLDDT, 
FFRME      1 

114 EM Moment on right side of XHRS frame, 
in.-lb 

FLDIN, FLDDT. 
FFRME      ; 

115 EM Moment on right side of XVFS frame, 
in.-lb 

FLDIN. FLDDT, 
FFRME. LDCHK 

116 EM Moment on right side of XVRS frame, 
in.-lb 

FIDIN. FLDDT. 
FFRME. LDCHK 

117 EM Moment on right side of XNFS frame, 
in.-lb 

FLDIN. FLDDT. 
FFRME      ' 

118 EM Moment on right side of XNRS frame, 
in.-L.> 

FLDIN. FLDDT. 
FFRME      j 
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TABLE 23.    S6 ARRAY VARIABLES  (COOT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference3 

i 119 EM Moment on 
in.-lb 

right side of XOFS frame, FLDIN, 
FFRME 

FLDDT, 

120 EM Moment on 
in.-lb 

rigbt side of XORS frame, FLDIN, 
FFRME 

FLDDT, 

121 EM Moment on 
in.-lb 

left side of XNGT frame. FLDIN, FFRME | 

| 1" EM Moment on 
in.-lb 

left side of XNGD frame, 'LDIN, FFRME 

| 123 EM Monent on 
in.-lb 

left side of XMCT frame. FLDIN, 
FFRME 

FLDDf, 

124 EM Moment on 
in.-lb 

left side of XMGD frame, FLDIN, 
FFRME 

FLDDT, 

j 125 m Moment on 
in.-lb 

left side of XWFS frame. FLDIN, 
FFRME 

FLDDT, 

126 m Moment on 
in.-lb 

left side of XWIS frame. FLDIN, 
FFRME 

FLDDT, 

127 EM Moment on 
in.-lb 

left side of XWRS frame. FLDIN, 
FFRME 

FLDDT, 

I 128 EM Moment on 
in.-lb 

left side of XHFS frame. FLDIN, 
FFRME 

FLDLT, 

1 129 
EM Moment on 

in.-lb 
left side of XHRS frame, FLDIN, 

FFRME 
FLDDT, 

1 l30 EM Moment on 
in.-lb 

left side of XVFS frame, FLDIN, 
FFRME 

FLDDT, 

i i31 EM Moment on 
in.-lb 

left side of XVRS frame. FLDIN, 
FFRME 

FLDDF, 

i 132 EM Moment on 
in.-lb 

left side of XNFS frame, FLDIN, 
FFRME 

FLDDT, 
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TABLE 23. S6 ARRAY VARIABLES (CCNiJ 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference* \ 

133 m Moment on left side of XNRS frame, 
in.-lb 

FLDIN, 
FFRME 

FLDDT, 

134 m Moment on left side of XOFS frame, 
in.-lb 

FLDIN, 
FFRME 

FLDDT, 

i 135 EM Moment on left side of XORS frame, 
in.-lb 

FLDIN, 
FFRME 

FLDDT, 

136 XGG X-coordinate of vehicle CG, in. RISLD, LDCHK | 

137 FAC1 Limit load to ultimate load factor FUSLD, LDCMC | 

138 FNZO Limit design load factor FUSLD, LDCHK 

139 QDOT Vehicle pitching acceleration, 
radians/sec2 

HJSLD, LDCHK 

140 IMP Structure temperature at design 
condition, 0F 

FUSLD, 
FFRME 

MFCNTL, 

141 Shear due to fuselage contents in 
segment 1, lb 

FLDIN, 
LIXHC 

FLDNT, 

142 Shear due to fuselage contents in 
segment 2, lb 

FLDIN, 
LDCHK 

FLDNT, 

1 143 Shear due to fuselage contents in 
segment 3, lb 

FLDIN. 
LDCHK 

FLDNT, 

144 Shear due to fuselage contents in 
segment 4, lb 

FLDIN, 
LDCHK 

FLENT, 

145 Shear due to fuselage contents in 
segment 5, lb 

FLDIN, 
LDCHK 

FLDNT, 

146 Shear due to fuselage content* in 
segment 6, lb 

FLDIN, 
LDCHK 

FLDNT,| 
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TABLE 23. S6 ARRAY VARIABLES (CONT) 

Loc 
Variable 
Name  1 

Engrg 
Symbol Description 

Subroutine 1 
Reference8 j 

147 Shear due to fuselage contents in 
segment 7, lb 

FLDIN, 
LDCHK 

FLDNT, 

148 Shear due to fuselage contents in 
segment 8, lb 

FLDIN, 
LDOflC 

FLDNT, 

149 Shear due to fuselage contents in 
segment 9, lb 

FLDIN, 
LDOiK 

FLDNT, 

150 Shear due to fuselage contents in 
segment 10, lb 

FLDIN, 
LDCHK 

FLDNT, 

151 Shear due to fuselage contents in 
segment 11, lb 

FLDIN, 
LDCHK 

FLDNT, 

152 Shear due to fuselage contents in 
segment 12, lb 

FLDIN, 
LDCHK 

FLDNT, 

153 Shear due to fuselage contents in 
segment 13, lb 

FLDIN, 
LDCHK 

FLDNT, 

i 154 Shear due to fuselage contents in 
segment 14, lb 

FLDIN, 
LDCHK 

FLDNT, 

155 Shear due to fuselage contents in 
segment 15, lb 

FLDIN, 
LDCHK 

FLDNT, 

156 Shear due to fuselage contents in 
segment 16, lb 

FLDIN, 
LDCHK 

FLDNT, 

157 Shear due to fuselage contents in 
segment 17, lb 

FLDIN, 
LDCHK 

FLDNT, 

| 158 Shear due to fuselage contents in 
segment 18, lb 

FLDIN, 
LDCHK 

FLDNT, 

\   159 

J 

Shear due to fuselage contents in 
segment 19, lb 

FLDIN, 
LDCHK 

FLDNT, 
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TABLE 23. S6 ARRAY VARIABLES (GONT) 

Loc 
Variable 
Name 

Engrg 
Symbol Description 

Subroutine 
Referencea 

160 Shear due to fuselage contents in 
segment 20, lb 

FLDIN, FLENT, 
LDCHK 

161 V Design shear at cut 1, lb FLDIN, FLDNT, 
LDCHK 

162 V Design shear at cut 2, lb FLDIN, FLDNT, 
LDCHK 

163 V Design shear at cut 3, lb FLDIN, FLDNT, 
LDCHK 

164 V Design shear at cut 4, lb FLDIN, FLDNT, 
LDCHK 

165 V Design shear at cut 5, lb FLDIN, FLLNT, 
LDCHK 

166 V Design shear at cut 6, lb FLDIN, FLDNT, 
LDCHK 

167 V Design shear at cut 7, lb FLDIN, FLDNT. 
LDCHK 

168 V Design shear at cut 8, lb FLDIN, FLDNT, 
LDCHK 

169 V Design shear at cut 9, lb FLDIN, FLDNT, 
LDCHK 

170 V Design shear at cut 10, lb FLDIN, FLDNT, 
LDCHK 

171 V Design shear at cut 11, lb FLDIN, FLDNT, 
LDCHK 

172 

i..,. „-  _ — 

V Design shear at cut 12, lb FLDIN, FLDNT, 
LDCHK 
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TABLE 2i. S6 ARRAY VARIABLES (CONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference* 

173 V Design shear at cut 13, lb FLDIN. FLDNT, 
LDCHK 

174 V Design shear at cut 14, lb FLDIN, FLDNT, 
LDCHK 

175 V Design shear at cut 15, lb FLDIN, FLENT, 
LDCHK 

176 V Design shear at cut 16, lb FLDIN, FLDNT, 
LDCHK 

177 V Design shear at cat 17, lb FLDIN, FUKT, 
LDCHK 

178 V Design shear at cut 18, lb FLDIN, FLDNT, 
LDCHK 

179 V Design shear at cut 19, lb FLDIN, FLDNT, 
LDCHK 

180 Not used 

181 M Design moment at cut 1, in.-lb FLDIN, FLDNT, 
LDCHK 

182 M Design moment at cut 2, in.-lb FLDIN, FLENT, 
LDCHK 

183 M Design moment at cut 3, in.-lb FLDIN, FLDNT, 
LDCHK 

184 M Design moment at cut 4, in.-lb FLDIN, FLDNT, 
LDODC 

185 M Design moment at cut 5, in.-lb FLDIN, FLDNT, 
LDCHK 

186 M Design moment at cut 6, in.-lb FLDIN, FLDNT, 
LDCHK 
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TABLE 23. S6 ARRAY VARIABLES (CONCL) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Reference* 

187 M Design moment at cut, in.-lb FLDIN, FLDNT, 
LDCHK 

188 M Design moment at cut 8, in.-lb FLDIN, FLDNT, 
LDCHK 

189 M Design momept. at cut 9, in.-lb FLDIN, FLDNT, 
LIXHK 

190 M Design moment at cut iO, in.-lb FLDIN, FLDNT, 
LDCHK 

191 M Design monent at cut 11, in.-lb FLDiN, FLDNT, 
LDCHK 

192 M Design moment at cut 12, in.-lb FLDIN, FLDNT, 
LDCHK 

193 M Design moment at cut 13, In.-lb FLDIN, FLDNT, 
LDCHK 

194 M Design moment at cut 14, ;n.-lb FLDIN, FLDNT, 
LDCHK 

195 M Design moment at cut 15, in.-lb FLDIN, FLDNT, 
LDCHK 

196 M Design moment at cut 16, in.-lb FLDIN, FLDNT, 
LDCHK 

197 M Design moment at cut 17, in.-lb FLDIN, FLDNT, 
LDCHK 

198 M Design moment at cut 18, in.-lb FLDIN, FLDNT, 
LDCHK 

199 M Design moment at cut 19, in.-lb FLDIN, FLDNT, 
LDCHK 

200 Not used 

NOTE: S6 array starts a 
for each design c 
61 through 84. 

t common location 3691. This array i« 
ondition and stored in mass storage fi 

> calculated 
Lie records 

aAll variables in this ai 
writes the file records 
file records. These roi 
in this array are calcu] 

"ray are referenced in subroutine FUSE 
, and subroutines FFRME and LDCHK, whi 
itines are referenced only when specif 
Lated or used. 

D, which 
ch read the 
ic variables 

297 



TABLE 24. IM ARRAY VARIABLES 

Loc Engrg Symbol Description Subroutine Reference 

1 Temperature Cdesign), 0F MATLF, MRJilL, 
MATLP1 

2 M Poisson's ratio MATLF, MRm, 
MATLP1 

3 V Constant for compression stress- 
strain curve fit, in./in. 

MATLF, MHJNTL, 
MATLP1 

4 Bc Constant for compression stress- 
strain curve fit, in. /lb 

MATLF, MFCNTL, 
MATLP1 

5 Ec Compression modulus of 
elasticity,   psi 

MATLF, MFCm, 
MATLP1 

6 Fcy Compression yield stress, 
psi 

MATLF, MFCNTL, 
MATLP1 

7 
^ 

Constant for tension stress- 
strain curve fit, in./in. 

MATLF, MFCm, 
MATLP1 

8 «r Constant for tension stress- 
strain curve fit, in./lb 

MATLF, MFCNTL, 
MATLP1 

9 ^r Tension modulus of 
elasticity, psi 

MATLF, MFCNTL, 
MATLP1 

10 TY Tension yield stress, psi MATLF, MFCNTL, 
MATLP1 

11 P Material density, lb/in.3 
MATLF, MFCNTL, 
MATLP1 

12 F1U Ultimate tensile strength, 
psi 

MATLF, MFCNTL, 
MATLP1 

13 p 
CPL Compressive stress at pro- 

portional limit, psi 
MATLF, MFCNTL, 
MATLP1 

298 



TABLE 24. TM ARRAY VARIABLES (GONT) 

Loc Engrg Symbol Description Subroutine Reference 

14 ERr 
Modulus of elasticity at 
room temperature, psi 

M/VTLF, MFCNTL, 
MKTLPl 

15 ST Shear modulus at room 
temperature, psi 

MATLF, MFCNTL, 
MATLP1 

16 fsu Ultimate shear strength, psi MATLF, MFCNTL, 
MVTLPl 

17 FBRU 
Ultimate bearing strength, 
psi 

M/VTLF, MFCNTL, 
MATLP1 

18 *m Fraction of ultimate ten- 
sile strength at endurance 
limit for a polished speci- 
men under cyclic load 

M\TLF, MFCNTL, 
M/VTLPl 

19 KFnj 
Fraction of ultimate ten- 
sile strength for shell- 
bending 

MMLF, MFCNTL, 
miLPl 

20 hns Fraction of ultimate ten- 
sile strength under cyclic 
pressure load 

MATLF, MFCNTL, 
M/VTLPl 

21-30 Not used 

31 u Poisson's ratio 
(interpolated) 

MATLF 

32 CC1 Compressive strain at point 1 
(interpolated), in./in. 

MKTLF 

33 eC5 Compressive strain at point 5 
(interpolated), in./in. 

MATLF 

34 0C1 Compressive stress at point 1 
(interpolated), psi 

MATLF 
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TABLE 24.    TM ARRAY VARIABLES (COOT) 

Loc Engrg Symbol Descriptiai Subroutine Reference 

35 0C2 
Compressive stress at point 2 
(interpolate), psi 

MATLF 

36 0C3 
Compressive stress at point 3 
(interpolated), psi 

MATLF 

37 aC4  • 
Compressive st -ess at point 4 
(interpolated), psi 

M/VTLF 

38 0cs Compressive stress at point 5 
(interpolated), psi 

MVTLF 

39 eTl 
Tensile strain at point 1 MATLF 
(interpolated), in./in. 

40 ET5 Tensile strain at point 5 MATLF 
(interpolated), in./in. 

41 GT1 Tensile stress at point 1 mTLF 
(interpolated), psi 

42 0T2 Tensile stress at point 2 MATLF 
(interpolated), psi 

43 0T3 Tensile stress at point 3 MATLF 
(interpolated), psi 

44 0T4 Tensile stress at point 4 M/VTLF 
(interpolated), psi 

45 0T5 
Tensile stress at point 5 M/VTLF 
(interpolated), psi 

46 FTU 
Ultimate tensile strength MATLF 
(interpolated), psi 

47 Fsu 
* 

Ultimate shear strength MATLF 
(interpolated), psi 
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TABLE 24.    TW ARRAY VARIABLES (CONT) 

Loc Engrg Symbol Description Subroutine Reference 

48 F 
BRU 

Ultimate bearing strength 
(interpolated), psi 

MVTLF 

49 Not used 

50 hm Fraction of ultimate ten- 
sile strength at endurance 
limit (interpolated) 

MATLF 

51 hw Fraction of ultimate ten- 
sile strength for shell- 
bending 

MVTLF 

52 K1U Fraction of ultimate ten- 
sile strength urider cyclic 
pressure load 
(interpolated). 

MATLF 

53 hw Fatigue factor for wing 
(interpolated) 

MATLF 

54 V 
Fi'U 

Fatigue factor for wing 
(interpolated) 

MATLF 

55 Temperature of material 
property data from library 
at temperature lower than 
design temperature, 0F. 
Data in locations 56 through 
79 are in same order as they 
appear in locfitions 31 
through 54 

MATLF 

56 u MATLF 

57 eci MATLF 

53 eC5 MATLF 
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TABLE 24.    TM ARRAY VARIABLES (OONT) 

Loc Engrg Symbol Description Subroutine Reference 

59 0C1 mTLF 

60 0C2 MMLF 

61 0C3 MATLF 

62 0C4 mTLF 

63 0CS MATLF 

64 ET1 MATLF 

65 eT5 MATLF 

66 0T1 MATLF 

67 aT2 MATLF 

68 0T3 
MATLF 

69 0T4 MATLF 

70 ÖT5 MATLF 

71 F
TO 

MATLF 

72 P 
SU 

MATLF 

73 FBFU 
MATLF 

74 
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TABLE 24.   TM ARRAY VARIABLES (CGNT) 

Loc Engrg Sysnbol Description Subroutine Reference 

75 *Frü MATLF 

76 
*FtU 

MATLF 

77 *m MATLF 

78 
^FTU 

MKTLF 

79 Sru MTLF 

80 Tenqperature of material 
property data from library 
at temperature higher than 
design temperature, 0F. 
Data in locations 81 through 
104 are in same order as they 
appear in locations 31 
through 54 

MATLF      • 

81 V WftP 

82 eCl 
B miLF 

83 CC5 MATLF 

84 0C1 MMLF 

85 ÖC2 MATLF 

86 0C3 MATLF 

87 0C4 MATLF 

88 ÖC5 MATLF 
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TABLE 24.   TM ARRAY VARIABLES (CCNr) 

Loc Engrg Symbol Description Subroutine Reference 

89 eTl MATLF 

90 eTS MATLF 

91 0T1 M\TLF 

92 oT2 MATLF 

93 0T3 MATLF 

54 0T4 MATLF 

95 0T5 MATLF 

96 F 
TU 

MATLF 

97 FSÜ MATLF 

98 FBRU 
MATLF 

99 

100 KFru MATLF 

101 KFTU 
MATLF 

102 STU MATLF 

103 KFru MATLF 

104 KFru MATLF 
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TABLE 24. TM ARRAY VARIABLES (CONCL) 

Loc Engrg Symbol Description Sunroutine Reference 

105 
• 

Not used 

• 

109 Not used 

110 Az.s Curve fit constant for fit 
through points 2 and 5, 
in./in. 

MATLF 

111 

112 

113 

A3.5 

B2,5 

Curve fit constant for fit 
through points 3 and 5, 
in./in. 
Curve fit constant for fit 
through points 4 and 5, 
in./in. 
Curve fit constant for fit 
throuch points 2 and 5> 

MATLF 

MATLF 

MATLF 

114 B3.5 Curve fit constant for fit 
through points 3 and 5, 
In?/» 

mTLF 

115 

116 

K* Curve fit constant for fit 
through points 4 and 5, 
in?/lb 
Sunmation of errors squared 
for curve 2,5 

MATLF 

MATLF 

117 Sunmation of errors squared 
for curve 3,5 

MATLF 

118 Sunmation of errors squared 
for curve 4,5 

MATLF 

119 
i  • 

Not used 

I 

160 Not used 

TM an 
tion o 

used for interpola- ay starts at commo 
f material data. 

n location 3501. This array is 
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TABLE 25. TM) ARRAY VARIABLES 

l-oc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Description 

1 MATLI Material identification number MFCNTL 

2 P Material density, lb/in.3 MFCm 

3 ^T Modulus of elasticity at room 
temperature, psi 

MFCNTL 

4 GRT Shear modulus at room temperature, 
psi 

MFCNTL 

5 RA Reduction area for fatigue MFCNTL 

6 
• 

Not used 

• 

109 Not used 

110 Temperature of material for data 
in locations 111 through 134, 0c 

MFCNTL, MATLF 

111 U Poisson's ratio MFCNTL, MATLF 

112 Lci Comprcssive strain at point 1, 
in./in. 

MFCNTL, MATLF 

115 ccs Compressive strain at point 5, 
in./in. 

MFCNTL, MATLF 

114 aci Compression stress at point 1, 
psi 

MFCNTL, MATLF 

115 0C2 Compression stress at point 2, psi MFCNTL, MATLF 

116 0C3 Compression stress at point 3, psi MFCNTL, MATLF 

117 aCA Compression stress at point 4, psi MFCNTH, MATLF 

118 acs Compression stress at point 5, psi MFCNTL, MATLF 
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TABLE 25. T.-fl) ARRAY VARIABLES (COtfT) 

Loc 
Variable 
Name 

Engrg 
Symbol Description 

Subroutine 
Description 

119 ET1 
Tensile strain at point 1, in./in. MTOTTL, MATLF 

120 eT5 
Tensile strain at point 5, in./in. MRm, M/VILF 

121 0T1 Tension stress at point If psi MUTCL, MMLF 

122 0T2 Tension stress at point 2, psi MFCNTL, MATLF 

123 0T3 
Tension stress at point 3, psi MPCNTL, MATLF 

124 0T4 Tension stress at point 4, psi MPCNTL, MATLF 

125 0T5 
Tension stress at point 5, psi MKm, MATLF 

126 
"TO 

Ultimate tensile strength, psi MFCNTL, MATLF 

127 Fsu Ultimate shear strength, psi MRXIL, IWTLF 

128 FBRU 
Ultimate bearing strength, psi MHUm, MATLF 

129 Not used 

130 
^ 

Fraction of ultimate tensile 
strength at endurance limit 

MFOJTL, MATLF 

131 KFru Fraction of ultimate tensile 
strength for shell bending 

MPCNTL, MATLF 

132 KFru Fraction of ultimate tensile 
strength under cyclic pressure 
load 

MROTL, MATLF 

133 KFru Fatigue factor for wing MFOfTL, MATLF 
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TABLE 25. IMD ARRAY VARIABLES (COOT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Subroutine 
Description 

134 Vru Fatigue factor for wing MFCNTL, M/VTLF 

135 Second temperature of material for 
data in locations 136 through 159, 

MFCNTL, MATLF 

136 
• 

Refer to description of loca- 
tion 111 through 

MFCNTL, MATLF 

159 KFTU 
description of location 134 MFCNTL, MATLF 

160 Third temperature of material for 
data in locati^us 161 through 184, 
op 

MPCm, MATLF 

161 

* 

Refer to description of location 
111 through 

MFCNTL, MATLF 

184 •Viu description of location 134 MFCNTL, MATLF 

185 Fourth temperature of material for 
data in locations 186 through 
209, 0F 

MFCNTL, MATLF 

186 
• 

Refer to description of location 
ill through 

MFCNTL, MATLF 

• 

209 Vru description of location 134 MFCNTL, MATLF 

:io Fifth temperature of material for 
data in locations 211 through 234, 
•F 

MFCNTL, MATLF 

211 
• 

• 

Refer to description of location 
111 through 

MFCNTL, MATLF 

• 

234 •Viu description of location 134 MFCNTL, MATLF 

308 



TABLE 25.    TMD ARRAY VARIABLES (CONCL) 

Loc 
Variable 

Name 
Engrg 
Symbol 

1 

Description 
Subroutine 
Description 

235 Sixth temperature of material for 
data in locations 236 through 259, 

MFCNTL, M/VTLF 

236 

* 

1    * 

Refer to description of loca- 
tion 111 through 

MFCNTL, MATLF 

259 K 
FPU 

description of location 134 MFCNTL, MATLF 

260 Not used 

* 
284 Not used 

285 
il    * 

j    • 

RM(1) Alphanumeric material 
descriptive title 

MFCNTL, MATLP1 

* 
300 RM(16) MFCNTL, MATLP1 

TMD array starts at common location 3201. This array is part of the 
permanent data file and is stored in mass storage file records 41 through 60. 
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TABLE 26.    IMS ARRAY VARIABLES 

Loc Engrg Symbol Description 
Subroutine 
Reference 

1 Temperature of cover material, 0F, 
locations 2 through 20, contains 
cover material data at this 
temperature 

MFCNTL, LDCHK 

2 u Poisson's ratio MFCNTTL, LDCHK 

3 Ac Constant for comp ession stress- 
strain curve fit, in./in. 

MFCm, LDCHK 

4 Bc Constant for compression stress- 
strain curve fit, in.2/lb 

MFCNTL, LDCHK 

5 Ec Compression modulus of elasticity, 
psi 

MFCNTL, QCRIT, 
LDCHK 

6 Fcy Compression yield stress, psi MFCNTL, LDCHK 

7 
\ 

Constant for tension stress-strain 
curve fit, in./in. 

MFCNTL, LDCHK 

8 *r Constant for tension stress-strain 
curve fit, in.2/lb 

MFCNTL, LDCHK 

9 h Tension modulus of elasticity, psi MFCNTL, LDCHK 

10 r-n Tension yield stress, psi MFCNTL, LDCHK 

11 P Material density, lb/in.3 MFCNTL, LDCHK 

12 F™ Ultimate tensile strength, psi MFCNTL, LDCHK 

13 CPL Compressive stress at proportional 
limit, psi 

MFCNTL, LDCHK 

14 ]iKT 
Modulus of elasticity at room   , 
temperature, psi            ; 

MFCNTL, LDCHK 
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TABLE 26. IMS ARRAY VARIABLES (CQNT) 

Loc Engrg Symbol Description Subroutine Reference 

15 Sr Shear modulus at room 
temperature, psi 

MPUNTL, LDCHK 

16 Fsu Ultimate shear strength, psi MFCNTL, LDCHK 

17 F 
BRU 

Ultimate bearing strength, psi MFOTCL, LDCHK 

18 hnj Fraction of ultimate ten- 
sile strength at endurance 
limit 

MRm, LDCHK 

19 KKru Fraction of ultimate ten- 
sile strength for shell 
bending 

MFCNTL, LDCHK 

20 hm Fraction of ultimate ten- 
sile strength under cyclic 
pressure load 

MFCNTL, Lim 

21 Not used 

• 

30 Not used 

31 Temperature of longeron 
material, 0F, locations 32 
through 50, contains 
longeron material data at 
this temperature 

MFCm, LDCHK 

32 V MTOTCL, LDCHK 

33 
^ 

MFCNTL, LDCHK 

34 Bc MFCNTL, LDCHK 

35 Ec MFCNTL, LDCHK 
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TABLE 26.     IMS ARRAY VARIABLES (CCWr) 

Loc Engrg Symbol Description Subroutine Reference 

36 Fcy MFCNTL, LITCHK 

37 *t MFCNTL, LDCHK 

38 «r MFCNTL, LDCHK 

39 
^ 

MFCNTL, LDCHK 

40 p 
TY 

MTCNTL, LDCHK 

41 P MTCNTL, LDCHK 

42 FTO 
MFCNTL, LUCHK 

43 F rCPL 
MFCNTL, LDCHK 

44 ERr MFCNTL, LDCHK 

45 ST 
i MFCNTL, LDCHK 

46 F
Sü 

MFCNTL, LDCHK 

47 FBRU 
MIOJTL, LDCHK 

48 
^'lU 

MFCNTL, LDCHK 

49 KFru MFUNTL, LDCHK 

50 Knv MFCNTL, LDCHK 

51 
• 

Not used 

• 

60 Not used 

312 



TABLE 26.   Bß ARRAY VARIABLES (CONT) 

Loc Engrg Symbol Description Subroutine Reference 

61 Temperature of major frame 
material, 0F, locations 62 
through 80, contains major 
frame material data at this 
temperature 

MPCNTL 

62 u MPCNTL, SFOAWE 

63 'c MFCNTL 

64 Bc MFCNTL 

65 Ec MFCNTL 

66 Fcv MRM'L, SFOAWE, 
MISCWT 

67 ^t MKNTL 

68 
*! 

MFCNTL 

69 ^r MRNTL 

70 F rTY 
MRNTL 

71 P MFCNTL, SPDAWE, 
MISCWT 

72 F 
TU 

MPCNTL, SFOA1VE, 
MISCWT 

73 F 
CPL 

MPCNTL 

74 ERr MPCNTL 

75 ST MFCOTL 
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TABLE 26.  JMS ARRAY VARIABLES (CONT) 

Loc Engrg Symbol Description Subroutine Reference 

76 Fsu MRJNTL, SFOAWE, 
MISCWT 

77 FBRU 
MFCm, MISCWT 

78 KKru MFCNTTL 

79 KF1,U 
MFCNTL 

80 KFm MFCm 

81 
• 

Not used 

• 

90 Not used 
■ 

91 Temperature of minor frame 
material,  0F, locations 92 
through 110, contains minor 
frame material data at this 
temperature 

MFCNTL, I-nCHK 

92 u MFCNTL, LDCHK 

93 
^ 

MPOTL, LDCHK 

94 Bc MRJNTL, LDCHK 

95 Ec MFCNTL, LDCHK 

96 Fcv MRNTL, LDCHK 

97 
\ 

MFCNTL, LDCHK 

98 
*! 

MFCNTL, LDCHK 
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TABLE 26.    BIS ARRAY VARIABLES (CONCL) 

Loc Engrg Symbol Description Subroutine Reference 

99 "r MFCOTL, LDCHK 

100 F 
TY MFCNTL, LDCHK 

101 P MROTL, LDCHK 

102 F-m MRNTL, LDCHK 

103 F 
CPL 

MFOfTL, LDCHK 

104 ha MRNTL, LDCHK 

105 GKr MFCNTL, LDCHK 

106 TSÜ MFCNTL, LDCHK 

107 FBRU MFCNTL, LDCHK 

108 KFru MRWTL, LDCHK 

109 KFIU 
MRJNTL, LDCHK 

110 KH1,U 
MFCNTL, LDCHK 

111 
• 

Not used 

• 

120 Not used 

TMS array starts at common location 1391. This array is calculated for each 
load condition and stored in mass storage file records 85 through 108. 
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TABLE 27. TOT ARRAY VARIABLES 

Loc Variable Name Description Subroutine Reference 

1 S"10T Total shell surface area, 
in. 2 

GBCMF1, SPRINT, 
SFCOST 

-> * VOLT Total shell volume, in.3 GE0MF1, SPRINT 

3 Total cover, longeron, 
minor frame weight per inch 
at synthesis cut for first 
stringer spacing, lb/in. 

LONGS 

4 Total cover, longeron, 
minor frame weight per inch 
at synthesis cut for second 
stringer spacing, lb/in. 

LONGS 

5 Longeron weight per inch at 
synthesis cut, lb/in. 

FBEND, LONGS 

6 Cover weight per inch at 
synthesis cut, lb/in. 

FCOVER, LONGS 

7 Minor frame weight per inch 
at synthesis cut, lb/in. 

MINER, LONGS 

8 Total cover, longeron, 
minor frame weight per 
inch at synthcsir- cut for 
first frame spacing, lb/in. 

FPANEL 

9 Total cover, longeron, 
minor frame weight per inch 
at synthesis cut for second 
frame spacing, lb/in. 

FPANEL 

10-18 Not used 

19 Maximum fuselage depth, in. GECMF1, SECOST 

20 Maximum fuselage width, in. GH0MF1, SECOST 

TOT array starts at common location 2201. 
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TABLE 28.    TT ARRAY VARIABLES 

Loc Engrg Symbol Description Subroutine Reference 

1 Material identification 
number 

MKOTL, MATLF 

2 Material temperature, 0F MHLNTL, MATLF 

3 A Constant for stress-strain 
curve fit and interpolation 
factor, in./in. 

MATLF 

4 B Constant for stress-strain 
curve fit, in.2/lb 

MTLF 

5 E - oj/ej Modulus of elasticity, psi MATLF 

6 El Strain at point 1 (propor- 
tional limit), in./in. 

MATLF 

7 c2 Strain at point 2, in./in. MATLF 

8 E3 Strain at point 3, in./in. MATLF 

9 th Strain at point 4, in./in. mTLF 

10 E5 Strain at point 5 (yield 
stress), in./in. 

MATLF 

11 01 Stress at point 1 (propor- 
tional limit), psi 

MATLF 

12 o2 Stress at point 2, psi MATLF 

13 03 Stress at point 3, psi MATLF 

14 »H Stress at point 4, psi MATLF 

15 05 Stress at point 5 (yield 
stress), psi 

MATLF 

16 1/E Reciprocal of modulus of 
elasticity, in.2/lb 

MATLF 
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TABLE 28. IT ARRAY VARIABLES (CONCL) 

Loc Engrg Symbol Description Subroutine Reference 

17 t5 - o5/E Strain increment at yield 
stress, in./in. 

MATLF 

18 C2 - 02/E  , 

63 - 03/E , 

tk - o^/E 

Strain increment at other 
points, in./in. 

MATLF 

19 o5  - o2   , 

05   "   ak 

Stress increments, psi MATLF 

20 (dOi/dcj) - 

1/(I/E ♦ ABeB<rl) 

Curve fit calculation of 
modulus of elasticity at 
proportional limit, psi 

MATLF 

21 1 -  (doj/de^/E Error in calculated value 
of modulus of elasticity 

MATLF 

22 ^n/E ♦ AeBon ; 

n « 1,5 

Calculated strain at 
points 1 through 5,  in./in. 

MATLF 

23 lirror in calculated value 
of strains 

MATLF 

24 Summation of errors squared 
which produce best curve 
fit 

MATLF 

IT arr 
compre 

ay starts at common 
ssion stress-strain 

location 3661.   This array is 
curve fit. 

used for tension and 
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TABLE 29. IP ARRAY VARIABLES (IPRINT BLOCK) 

Loc Description 
Figure 

Reference 
Subroutine 
Reference 

1 

70 

Locations 1 through 70 are print 
controls for other program modules 

71 Output print control for input loads, 
inertia, and speed-profile data 

B-l, B-2, 
B-3 

FUSLD 

72 Output print control for material 
property data at first load condition 

B-4, B-5, 
B-6, B-7 

MFCNTL 
(MATLP1) 

73 (Xitput print control for material 
property data at all design load 
conditions 

B-8 MFCNTL 

74 Output print control for net ultimate 
shell loads array (FUSLD), and input 
and corrected data (TIMYl) 

B-9, B-10 FUSLD, 
DUMY1 

75 Output print control for frame shape 
parameters and external loads and 
design temperature at each unique 
frame 

B-ll FRMND1, 
FFHMH 

76 Output print control for major frame 
coordinates, internal loads, and 
final synthesized elements 

B-12, B-13 FRMLD, 
SFQAWE 

77 Output print control for detail 
weights of each unique major frame 

B-14 FFRME 

78 Output print control for first 200 
cells of scratch region (common 
locations 2001 through 2200) prior 
to exit from MINFR 

B-15 MINFR 

79 Output print control for first 200 
cells of scratch region (ccninon 
locations 2001 through 2200) after 
completion of synthesis at each 
shell cut 

B-16 FUSSHL 

80 Output print control for input data, 
detail sizing data, and detail shell 
element weights in tabular form 

B-17 
through 
B-29 

SPRINTT 
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TABLE 30. FUAT ARRAY VARIABLES (FÜA1T BLOCK) 

Loc Description 
Subroutine 
Reference 

1 
• 

30 

Locations 1 through 30 are used to store wing and 
enpennage weight data 

31 Basic structure weight, lb FUS02 

32 Secondary structure weight (AN-9102-D, page 9), lb FUS02 

33 Not used FUS02 

34 Doors, panels, and miscellaneous structure weight 
(AN-91U2-D, page 10), lb 

FUS02 

35 Total fuselage weight, lb FUS02 

36 X-CG of fuselage structure, in. FUS02 

37 Not used FUS02 

38 Not used 

39 Not used 

40 Not used 

41 
• 

50 

Locations 41 through 50 are used to store landing gear 
weight data 

51 
• 

60 

Locations 51 through 60 are used to store nacelle and 
air induction system weight data 
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TAPT£ 31. MASS SFORAGE FILE RECORDS 

Record 
No. Variable 

Write 
Routine 

Read 
Routines Description 

[24 D (2000) MAIN FUS01 Refer to conmon region discussion 
of variables. 

33 FUS (672) MAIN FUSLD Refer to Tables 30 and 31 in sub- 
routine FUSLD discussion. 

34 FUSDWI (480) MAIN FISIJ) Refer to Table 32 in subroutine 
FIJSID discussion. 

41-60 TOD (300) MAIN MFCNTL Refer to Table 23 for discussion 
of material property variables. 

61-84 S6 (200) naiD FFRME, 
LDCHK 

Refer to Table 21 for discussion 
of net loads array variables. 

85-108 TOS (120) MFCNTL SFOAWE. 
LDCHK 

Refer to Table 24 for discussion 
of interpolated material property 
array variables. 
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SUBRfX/riNH DI-SCRIPT IONS 

PROGRAM ^USOl 

General Description 

Deck name:' FUS01 
Hntry name: OVERLAY (5HALPHA, 11, O"» 
Called bv: OIJVY00 
Subroutines called: GE0MF1, INERT1, GE0MF2, INERT2, FUSLD, FFRME 

This is the control routine for the first overlay of the fuselage weight 
estimation module.    This routine initializes the common region and reads the 
input data from mass storage file record 24.    The routine transfers the con- 
struction geometry and print controls from the CIND array to the ND array. 
The maximum cabin pressure is determined by examination of the PRES array and 
stored in CIND(28). 

Arrays and Variables Used 

CIND Refer to Tables 10 and 11 
PRHS Refer to Table 10 

Arrays and Variables Calculated 

CIND Refer to Tables 10 and 11 
IAV Refer to Table 10 
ICST Refer to Table 10 
IMII. Refer to Table 10 
KC Refer to Table 10 
NC Refer to Table 10 

labeled Coiiunon Arrays 

None 

Mass Storage File Records 

Read by Program 
Record 24 

Written by Program 
None 

lirror Messages 

None 
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SUBROUTINE GECMF1 

General Description 

Deck name: GEGMF1 
Entry name: GECMF1 
Called by: FUS01 
Subroutines called: None 

This subroutine calculates the external shell geometry at the synthesis 
cuts for rounded rectangle shell shapes. The routine uses linear interpolation 
between the input geometry data points. The perimeter code (KC) is used to 
determine the operation required on the input data. If KC is 1, the perimeter 
is input in the PI array. If KC is 2, the perimeter factor is input data in 
the PI array, and the perimeter is calculated and stored in the PI array. 

The flat and curved portions of the shell are calculated from the input 
data. Peripheral length and nominal radius of curvature are calculated for 
the upper, lower, and side sectors. If the corner radius is less than 
2 inches, the radius or curvature is assuned to be infinite, and zero is used 
to designate the flat panels. Should a synthesis segment be less than or 
equal to 2 inches in length, the geometry at the aft end of the segment is 
used to calculate the segment surface area and volume. Equivalent diameter is 
used to calculate the surface area and volume of the nose and tail segments. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
DI Refer to Table 10 
KC Refer to Table 10 
NC Refer to Table 10 
PI Refer to Table 10 
XI Refer to Table 10 
XD Refer to Table 10 
ZI Refer to Table 10 

Arrays and Variables Calculated 

BL Refer to Table 10 
BS Refer to Table 10 
BU Refer to Table 10 
DELX Refer to Table 10 
DCO Refer to Table 10 
PER Refer to Table 10 
PI Refer to Table 10 
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RCL Refer to Table 10 
RCS Refer to Table 10 
RCU Refer to Table 10 
RO Refer to Table 10 
S Intermediate calculations 
SF Refer to Table 10 
ST0T Refer to Table 10 
51 Shell depth at synthesis cuts, in. 
52 Shell width at synthesis cuts, in. 
53 Shell cross-section area at synthesis cuts, in.2 

TOT Refer to Tables 10 and 27 
VOL Refer to Table 10 
VOLT Refer to Table 10 
WO Refer to Table 10 
XBAR Refer to Table 10 
XO Refer to Table 10 
ZO Refer to Table 10 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

• WARNING FROM GE0MF1 
SlIAPL IS ROUNDED RECT. SECTION XX CORRECTION IS Y.YYY 

•   WARNING FROM GEOMF1 
SIlAPIi IS RECT. SECTION XX CORRECTION IS Y.YYY 

The foregoing warning messages appear when the program encounters some 
difficulty in fitting a shape based on the input geometry.    XX locates the 
synthesis cut at which the difficulty occurred, and Y.YYY is the scaling 
factor applied to the depth and width.    Perimeter is assumed to be the 
independent variable and is not revised.   Should the scaling factor be close 
to 1.0, no correctJve action is required.   Should the scaling factor indicate 
a significant revision, input data should be examined for possible errors. 
Diamond-shaped fuselages cannot be fit properly by this routine and, 
therefore, judgment adjustments might be required. 
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suHRoirriNn INERTI 

General Description 

Deck Name: INERTI 
lintry name: INERTI 
Called by: FUS01 
Subroutines called: None 

Ibis subroutine calculates the unit pitch, roll, and yaw weight moments 
of inertia for the fuselage shell segments. The unit inertia is based on a 
1-pound weight uniformly distributed within the enclosed volume of the 
segment. The average contour geometry is used for the intennedia+e vvnthesis 
segments. However, il a  synthesis segment is less than 2  inches in •ength, 
the j;eometry at the aft end of the segment is used. Mean equivalent 
diameter is used to calculate unit weight inertias for the nose and tail 
i C ments. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
DKLX Refer to Table 10 
D00 Refer to Table 10 
NC Refer to Table 10 
PER Refer to Table 10 
PI Refer to Table 10 
RO Refer to Table 10 
WO Refer to Table 10 
XBAR Refer to Table 10 
XO Refer to Table 10 

Arrays and Variables Calculated 

S 
UIX 
U1Y 
UIZ 

Intermediate calculations 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
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Labeled Comnon Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 

SURROUTINE GE0MF2 

General Description 

Deck name: GE0MF2 
Entry name: GE0MF2 
Called by: FUS01 
Subroutines called: None 

This subroutine is currently a dummy routine that would be written to 
evaluate the geometry for elliptical fuselage shapes. 

SlJBROUriNE INERT2 

General Description 

Deck name: 1NERT2 
Entry name: GE0MF2 
Called by: FUS01 
Subroutines called: None 

This subroutine is currently a dummy routine that would be written to 
calculate the unit weight inertias of fuselage and contents for elliptical 
fuselage shapes. 
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SURROIJTINH FUS1J) 

Ck?ncra] Description 

Deck name: FUSLD 
Entry name: FUSLD 
Called by: FU301 
Subroutines called: FRMEG, FLDIN, DlfWYl, FLDDT, MFCNTL, QCR1T 

Ibis subroutine controls the organization of input load data and the 
calculation of net fuselage loads and corresponding material property data. 
This routine also controls the evaluation of critical local panel flutter 
criteria. 

Input fuselage loads in the FUS array are read from mass storage file 
record 7>7>.    Input inertia and speed-altitude profile data in the FUSDWI 
array are read from mass storage file record 34. The FUS and FUSDWI arrays 
arc stored in the subroutine region of the program. Tlie FUS array may have 
two different arrangements of data. The first word in this array (LDT) 
defines the data arrangement. 

!f IDT is n or 2, the FUS array contains 24 records, each consisting of 
28 data values. If MJT is 0, the data in the first 28-word record are not 
complete and the next record is examined. In this case, one or all of these 
records may contain data. If the first word in the record (LDT) is 2, the 
record contains the vehicle design data and component airloads which are 
combined with the inertia data as shown in Table 32 and stored in the S22 
array. The load condition counter (NOC) is used to count the actual number 
of design conditions defined in the FUS array. Ihe program can handle a 
maximum of 23 conditions. Each time a design condition is defined, 
subroutines DUNMYl and FLDDT are called to calculate the net ultimate loads 
for that specific condition. 

If LDT is 1 fan option currently inactive in SWEEP), the FUS array 
contains seven records, each consisting cf 90 data values. The input data 
are in the form of net limit vertical bending moments and shears which are 
transferred to the S22 array. Subroutine FLDIN is called to process the 
data for each input design condition. If the first data location in a 
subsequent 90 word record is 0, the number of conditions (NOC) is defined by 
the number of records processed prior to that point. 

The net loads for each of the design conditions (S6 array) are written 
into mass storage file records 61 through 84. The load condition counter 
(LCN) and the total number of conditions examined (NOC) are stored in common. 
LCN is used in subroutine MFCNTL to maintain a parallel set of material 
property records. 
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For each design condition, the mach number and altitude are used to 
check on critical local panel flutter design. Subroutine QCRIT is called to 
evaluate the flutter data. The vehicle limit speed-altitude profile data in 
the FUSDWI array are also used to check on flutter. 

Arrays and Variables Used 

ALT     Refer to Table 10 
1)       Refer to Tables 10 and 12 
DGW     Refer to Table 10 
FAC1     Refer to Table 10 
FMN      Refer to Table 10 
FNZO     Refer to Table 10 
FUS      Refer to Table 34 and 35 
FUSDWI    Refer to Table 36 
UCT     Altitude at speed-altitude profile points, ft (refer 

to Table 36) 
IP      Print control (refer to "Labeled Common Arrays") 
NC      Refer to Table 10 
QDOT     Refer to Table 10 
QL      Limit dynamic pressure at speed-altitude profile points, psf 

(refer to Table 36) 
52 Longitudinal concentrated moments from external 

surfaces or components, in.-lb 
53 Distributed nose and body carryover lift within each shell 

synthesis segment, lb 
S6 Refer to Tables 10 and 23 
IMP Refer to Table 10 
VI. Limit mach number at speed-altitude profile points, M 

(refer to Table 36) 
WFC Refor to Table 10 
IVFUS Refer to Table 10 
XCG Refer to Table 10 
XO Refer to Table 10 

The scratch arrays S2 and S3 are calculated in subroutines FLDDT and 
FARIJ), respectively, and are not maintained after exit from this subroutine. 

Arrays and Variables Calculated 

IF1 Refer to Table 10 
ILC Refer to Table 10 
I£N Refer to Table 10 
LDC Refer to Table 10 
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IDT Refer to Table 10 
SCC Refer to Table 10 
Sf2j Dynamic pressure for use in subroutine QCRIT, psf 
S(7J Vehicle mach number for use in subroutine QCRIT, M 
S(8J Altitude for use in subroutine QCRIT, ft 
SJZ Refer to Tables 10 and 22 
So Refer to Tables 10 and 23 

labeled Common Arrays 

IPC71)   Output print control for input loads, inertia, and speed- 
altitude profile data 

ir>f74)   Output print control for net ultimate loads amy 

M;i s Storage File Records 

Read by Subroutine 
Records 33 and 34 

Written by Subroutine 
Records 61-84 

l.rror Messages 

None 
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TABLE 32. LOAD AND INERTIA DATA COMBINATIONS WHEN GCMPONENT 
AIRLOADS ARE INPUT 

Condition 
No. 

Array Locations 
Vehicle 
Weight 

Wing 
Position FUS FUSDWI 

1 1-28 1-90 BFUW Aft 

2 29-56 1-90 BFDW Aft 

3 57-84 1-90 BFDW Aft 

4 85-112 1-90 BFDW Aft 

5 113-140 91-180 BFDW Pwd 

6 141-168 1-90 BFDW Aft 

7 169-196 91-180 BFDW Rod 

8 197-224 181-270 MDW Pwd 

9 225-252 271-360 LDW Pwd 

10 253-280 1-90 BFDW Aft 

11 281-308 1-90 BFDW Aft 

12 309-336 91-180 BFDW PMd 

13 337-364 91-180 BFDW Pwd 

14 365-392 1-90 BFDW Aft 

15 393-420 1-90 BFDW Aft 

16 421-448 91-180 BFDW Fwd 

17 449-476 91-180 BFDW Pwd 

18 477-504 1-90 BFDW Aft 

19 505-532 1-90 BFDW Aft 

20 533-560 1-90 BFDW Aft 

21 561-588 1-90 BFDW Aft 

22 589-616 1-90 BFDW Aft 

23 617-644 1-90 BFDW Aft 

24 645-672 361-450 MDW Pwd 

BFDW - Basic flight design weight 
MOW » Maximum design weight 
LDW - Landing design weight 

For fixed-wing aircraft, the wing position is i irrelevant. 
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TABLE 33.    FUS ARRAY ARRANGBCNT INPUT COMPONENT LOADS 

location Description 

1 Load condition input data indicator (LDT): 

• 0.0 or blank if condition is not investigated 
• 2.0 if condition is to be evaluated and locali 
• 2 through 28 are defined 

ons 

■/ Load condition type indicator (LUC) 

1.0 - balanced flight with flaps up 
2.0 - balanced flight with flaps down 
3.0 • two-wheeled landing 
4.0 - vertical gust 
5.0     lateral gust 
b.O - pitching acceleration 
7.0 - yawing acceleration 
8.0 - taxi 

3-4 Not used 

5 Temperature, 0F 

b Factor to convert limit load to ultimate load 

7 Vertical load factor 

8 Not used 

9 Wing leading edge apex at centerline of fuselage, in. 

10 Pitching acceleration, radians/sec 

11 Not used 

12 Vehicle sink speed, ft/sec 

13 Landing gear stroke, in. 

14 Vehicle velocity, M 

15 Altitude, ft 

16 Forebody limit lift, lb 
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TABLE 33.    FUS ARRAY ARRANGEMENT INPUT COfONENT LOADS (CONT) 

Location Description 

17 Center of pressure of forebody lift - longitudinal 
station, in. 

18 Wing carryover limit lift, lb 

19 Center of pressure of carryover lift - longitudinal 
station, in. 

20 Wing outer panel limit lift, lb 

21 Center of pressure of wing lift - longitudinal station, in. 

22 Center of pressure of wing lift - lateral station, in. 

23 Horizontal tail limit lift, lb 

24 Center of pressure of horizontal tail lift - longitu- 
dinal station, in. 

25 Center of pressure of horizontal tail lift - lateral 
station, in. 

26 Vertical tail limit lift, lb 

27 Center of pressure of vertical tail lift - 
longitudinal station, in. 

28 Center of pressure of vertical tail lift - lateral 
station, in. 

29-56 Load data for condition 2. Data are organized in the 
same sequence as noted for locations 1 through 28 

57-84 Load data for condition 3 

85-112 Load data for condition 4 

113-140 Load data for condition 5 

141-188 Load data for condition 6 

169-196 Load data for condition 7 
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TABLE 33.    FUS ARRAY ARRANGBffiNT INPUT COMPONENT LOADS (OONCL) 

Location Description 

197-224 Load data for condition 8 

225-252 Load data for condition 9 

253-280 Load data for condition 10 

281-308 Load data for condition 11 

309-336 Loa.i data for condition 12 

337-364 Load data for condition 13 

365-392 Load data for condition 14 

393-420 Load data for condition 15 

421-448 Load data for condition 16 

449-476 Load data for condition 17 

477-504 Load data for condition 18 

505-532 Load data for condition 19 

533-560 Load data for condition 20 

561-588 Load data for condition 21 

589-616 Load data for condition 22 

617-644 Load data for condition 23 

645-672 Load data for condition 24 
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TABLE 34. FUS ARRAY ARRANGEMENT INPUT NET LOADS" 

Location Description 

1 Load condition input data indicator (LDT) 

• 1.0 indicates input net loads in the locations 
that follow 

2-4 Not used 

5 Temperature, F 

6 Factor to convert limit load to ultimate load 

7 Vertical load factor 

8 Vehicle center of gravity - longitudinal station, in. 

9 Not used 

10 Pitching acceleration, radians/sec 

11-13 Not used 

14 Vehicle velocity, M 

15 Altitude 

16-30 Not used 

31-50 Net limit vertical moment at synthesis cuts, in.-lb 

51-70 Net limit cross-ship moment couple in synthesis 
segment from external component, in.-lb 

71-90 Net limit vertical shear at synthesis cuts, lb 

91      1 Load condition input data indicator (LDT): 

* 0.0 or blank indicates no loads data in the 
locations that follow 

* 1.0 indicates input net loads for load condition 
number 2 

1 
Input net loads option currently inactive in SWEEP 
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TABLE 34.  FUS ARRAY ARRANGEMENT INPUT NET LOADS (CONCL) 

Location Description 

92-180 Load data for condition 2. Data are organized in the 
same sequence as noted for locations 2 thrcugh 90 

181-270 Load data for condition 3 

271-360 Load data for condition 4 

361-450 Load data for condition 5 

451-540 Load data for condition 6 

341-630 Lo-id data for condition 7 

b51-672 Not used 
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TABLE 35. FUSDWI ARRAY ARRANGEMENT 

Location Description 

1-90 Weight and inertia data at basic flight design 
for wings aft or for fixed wings 

weight 

1 Vehicle weight, lb 

2 Vehicle center of gravity - station x, in. 

3 Not used 

4 Vehicle center of gravity - water line z, in. 

5 Not used 

6 Vehicle pitch inertia, lb-in. 

7 Not used 

8 Weight of wing and contents^ lb 

9 Wing center of gravity - station x, in. 

10 Wing center of gravity - butt line y, in. 

11 Wing center of gravity - water line z, in. 

12 Not used 

13 Wing pitch inertia, lb-in.2 

14 Not used 

15 Weight of horizontal tail and contentst lb 

16 Horizontal tail center of gravity - station x, in. 

17 Horizontal tail center of gravity - butt line /. in. 

18 Horizontal tail center of gravity - water line z, in. 

19 Not used 

20 Horizontal tail pitch inertia, lb-in.2 
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TABLE 7>S.    FUSDWI ARRAY ARRANGEMENT (OONT) 

Location  ! Description 

i    21 Not used 

22 Weight of vertical tail and contents, lb 

1    23 Vertical tail center of gravity - station x, in • 

24 Vertical tail center of gravity - butt line y, in.   1 

25 Vertical tail center of gravity - water line z, in.   | 

2b Not used 

i    27 Vertical tail pitch inertia, lb-in. 

28 Not used 

29 Weight of nacelle and contents, lb 

|    30 Nacelle center of gravity - station x, in. 

31 Nacelle center of gravity - butt line y, in. 

32 Nacelle center of gravity - water line z, in. 

33 Not used 

34 Nacelle pitch inertia, lb-in." 

35 Not used 

36 Weight of store or other component, lb 

37 Store center of gravity - station x, in. 

38 Store center of gravity - butt line y, in. 

39 Store center of gravity - water line z,  in. 

40 Not used 

41 Store pitch inertia, lb-in. 
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TABLE 35. FUSDWI ARRAY ARRANGEMENT (CONCL) 

Location Description 

4:-50 

51-70 

71-90 

91-180 

181-270 

271-360 

3Ö1-450 

451-460 

461-470 

471-480 

Not used 

Weight of fuselage contents distributed in synthesis 
segments, lb 

Weight of fuselage distributed in synthesis segments, lb 

Weight and inertia data at basic flight design weight 
for wings forward. Data are organized in same 
sequence as noted for locations 1 through 90. 

Weight and inertia data at maximum design weight for 
wings forward. 

Weight and inertia data at landing design weight for 
wings forward 

Weight and inertia data at maximum design weight for 
wings forward 

ilGTfl HIGTflOl, altitude on speed-altitude profile, ft 

Vl.fl )-VI.(in), mach numbers on speed-altitude profile, M 

QIJ 1 )-QI.(10), dynamic pressures on speed-altitude profile, 
psf 
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SUBROimNE FRICG 

General Description 

Deck name: FRMEG 
Hntry name: FRMEG 
Called by: FUSLD 
Subroutines called: None 

This subroutine locates the major support frames for the external sur- 
faces, landing gear, nacelles, and one other component that might be supported 
by the fuselage. A maximum of 15 frames may be defined and are organized in 
blocks of IS data locations as follows: 

Relative Array 
Location External Support Frame 

1 Nose landing gear trunnion frame 
2 Nose landing gear drag strut frame 
3 flain landing gear trunnion frame 
4 Main landing gear drag strut frame 
5 Wing front spar frame 
6 Wing intermediate spar frame 
7 Wing rear spar frame 
8 Horizontal tail front spar frame 
9 Horizontal tail rear spar or spindle frame 

10 Vertical tail front spar frame 
11 Vertical tail rear spar or spindle frame 
12 Nacelle forward support frame 
13 Nacelle aft support frame 
14 Other component forward support frame 
15 Other component aft support frame 

The frame stations, the synthesis segments in which they occur, and the 
angular location of the reaction points are calculated and stored in the S6 
array. For single vertical tail aircraft, the y-coordinates of the reaction 
points are assumed to be equal to half the tail root chord thickness. 

Compatibility between the fuselage mold line coordinates at the frame 
stations and the input definition of the reaction point coordinates is main- 
tained by calculating the actual deviations. The shell mold line coordinates 
(EY, EZ) and the actual deviations (TY, TZ) are calculated in parallel arrays. 
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Arrays and Variables Used 

CRV Refer to Table 10 
D Refer to Tables 10 and 12 
D00 Refer to Table 10 
RD Refer to Table 10 
TOC Refer to Table 10 
WO Refer to Table 10 
XIIFS Refer to Table 10 
XIIRS Refer to Table 10 
XMGD Refer to Table 10 
XMGT Refer to Table 10 
XNFS Refer to Table 10 
XNGD Refer to Table 10 
XNGT Refer to Table 10 
XNRS Refer to Table 10 
XO Refer to Table 10 
XOFS Refer to Table 10 
XORS Refer to Table 10 
XVFS Refer to Table 10 
XVRS Refer to Table 10 
XWFS Refer to Table 10 
XWIS Refer to Table 10 
XIVRS Refer to Table 10 
YHSF Refer to Table 10 
YMGS Refer to Table 10 
YNGS Refer to Taole 10 
YNSF Refer to Tc.ble 10 
YOSF Refer to Table 10 
YVSF Refer to Table 10 
YWSF Refer to Table 10 
ZHSF Refer to Table 10 
ZMGS Refer to Table 10 
ZNGS Refer to Table 10 
ZNSF Refer to Table 10 
ZO Refer to Table 10 
ZOSF Refer to Table 10 
ZVSF Refer to Table 10 
ZWSF Refer to Table 10 

■ 

Arrays and Variables Calculated 

LY Refer to Table 10 
liZ Refer to Table 10 
S(l) Z-distance to fuselage half-depth, in. 
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S(.2) One-half of vertical flat distance at side of 
fuselage, in. 

S(5) One-half of horizontal flat distance at top 
and bottom of fuselage, in. 

S(4) Fuselage corner radius, in. 
S(5) Geometry interpolation factor 
S(6j Vertical distance from fuselage half-depth to 

fuseläge-component interface, in. 
S(7) Radial distance to fuseläge-component interface, in. 
S(8) Cosine of angle from Y-axis to fuseläge-component 

interface 
S(.9) Fuselage half width at frame station, in. 
S(l()j Fuselage half depth at frame station, in. 
S(ll) Angle (<f>).  from vertical to fuselage-component 

tie point, radians (refer to "Major Frame 
Coordinates" methodology) 

S(12J Cosine of angle ($) from Y-;ocis to fuselage- 
component t ie point 

.S(15) Radial distance to upper tangent point, in. 
S[14) Radial distance to side tangent point, in. 
S(17) Intermediate calculation 
S(l8j Angle (O , radians (refer to "Major Frame 

Coordinates" methodology) 
S(19) Angle (0)  from Z-axis to corner radius center 

of curvature, radians 
Sf.20) Sine of angle Ö  (refer to "Major Frame 

Coordinates" methodology) 
SKlj YNGS, refer to Table 10 
SI(2) YNGS, refer to Table 10 
Sl(3) YMCS, refer to Table 10 
S1(4J YMCS, refer to Table 10 
SI(5) YWSF, refer to Table 10 
SI (6) YWSF, refer to Table 10 
si(7) YWSF, refer to Table 10 
SI(8) VHS]', refer to Table 10 
Sl(9) Y1ISF, refer to Table 10 
Si(10) Y-coordinate of vertical tail fuselage 

interface (one-half of tail root thickness for 
single vertical tail), in. 

si (11) Y-coordinate of vertical tail fuselage interface 
(one-half of tail root thickness for single 
vertical tail), in. 

SI(12) YNSF, refer lo Table 10 
SI(13) YNSF, refer to Table 10 
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S1C14) YOSF, 
SI(IS) YOSF, 
S2(1J ZNGS, 
S2(2) ZNGS, 
S2(5) Z'lGS, 
S2(4) Z?1GS, 
S2(5) ZWSF, 
S2(6) ZWSF, 
S2(7) ■ ZWSF, 
S2(8) ZILSF, 
S2(9) ZIISF, 
S2(10) ZVSF, 
S2(ll) ZVSF, 
S2(12) ZNSF, 
S2(13) ZNSF, 
S2(14J ZOSF, 
S2(15) ZOSF, 
S6 Refer 
TV Refer 
rz Refer 

Labeled Conniiüii Arrays 

None 

Mass Storage F: le Records 

refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
refer to Table 10 
to Tables 10 and 23 
to Table 10 
to Table 10 

None 

l.rror Messages 

None 

SUßR'liTIM. FLDI.V* 

General Description 

Deck name: FLU IN 
Lntry naiiie: FLDIN 
Called by: FUSLD 
Suliroutines called: None 

This subroutine is currently inactive in the SWEEP program. 
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This subroutine processes input net limit vertical shears and bending 
moments and stores the ultimate loads in the S6 arrav. Since the routine 
cannot differentiate between net shear due to inertia, distributed body 
airloads, or external forces, the following scheme is used to allocate load 
contribution. Should an external surface or component support frame exist 
within a s>Tithesis segment, the incremental shear between the forward and 
aft ends of the segment is attributed to the frame. This shear is distributed 
equally between the two (left and right sides) frame points. Should two cr 
more support frames exist within a synthesis segment, the first frame in 
the array is assumed to react the loads, and the subsequent frames are 
deleted from the analysis. Should no major frame exist within the segment, 
the incremental shear is attributed to fuselage and content inertia. 

An; >'s and Variables Used 

»IIX Refer to Table 10 
BMIY Refer to Table 10 
D Refer to Tables 10 and 12 
! ALI Refer to Table 10 
NC Refer to Table 10 
VIZ Refer to Table 10 

Ar-.r .-. and Variables Calculated 

51 Cross-ship moments at synthesis cuts, in.-lb 
52 Intermediate calculations 
53 Intermediate calculations 
S6 Refer to Tables 10 and 23 

Labeled Common Arravs 

None 

Mass Storage File Records 

None 

iirror Messages 

None 
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SUBROUTINE FU)DT 

General Description 

Deck name: FLDDT 
Entry name: FLDDT 
Called by: FUSLD 
Subroutines called: FARLD, FLDNT 

This subroutine distributes the external surface and component loads at 
their respective support frames. The distribution of loads is based on the 
type of load condition, the location of components, and the type of support 
requirements. The routine is programmed to identify the load condition types 
(LOG) which are as follows: 

LDC Load Condition Type 

1 Balanced flight with flaps up 
2 Balanced flight with flaps down 
3 Two-wheeled landing 
4 Vertical gust 
5 Lateral gust 
6 Pitching acceleration 
7 Yawing acceleration 
8 Taxi 

Nose gear loads exist for the taxi condition. The tire reaction is 
determined by static vehicle balance. \ trunnion frame (XNCT) and a drag link 
frame (XNGD) may exist. Should there ua no drag link frame, any unbalanced 
pitch moment due to the relative longitudinal position of the tire with respect 
to the frame is introduced at the trunnion frame. 

Main gear loads exist for the taxi and two-wheeled landing conditions. 
For the landing condition, all of the unbalanced vertical force is reacted at 
the main gear tires. The absence of a main gear trunnion frame (XMffT) desig- 
nates the location of the landing gear on the wing, and the gear loads are 
saved for use in the wing reaction calculations. The tire y-offset relative 
to the trunnion support point results in a cross-ship moment on the trunnion 
frame. Should there be no drag link frame (XMGD), any unbalanced pitch 
moment is also introduced at the trunnion frame. 

The wing loads may be reacted by supports at three points (XWFS, XWIS, 
XWRS) or by a two-point support system (XWFS, XWRS). Vertical shear at each 
of the support frames is always calculated. If the carry-through indicator 
WCT is 1, cross-ship moment is also calculated. 
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The horizontal tail is 
The absence of a front spar 
zontal on the vertical tail 
tail reaction calculations, 
the horizontal tail support 
vides the cross-ship moment 
reacted by the two support 
reacts the moment, and the 
from the actuator. 

supported by two fuselage frames (XHFS, XHRS). 
frame (XHFS) indicates the location of the hori- 
and the loads are saved for use in the vertical 
Three different arrangements may be specified for 
(I1CT). If HCT is 0, the tail center section pro- 
continuity. If HCT is 1, the cross-ship moment is 
frames. If HCT is 2, the rear spar frame (XHRS) 
front spar frame (XHFS) reacts the vertical load 

The vertical tail is supported by two fuselage frames (XVFS, XVRS). 
The significance of the vertical tail support indicator (VCT) is identical 
to that for the horizontal tail. 

Nacelle and any other component arc supported at two points which react 
both vertical loads and cross-ship moments. 

Arrays and Variables Used 

AIOY 
AIWT 
I) 
DGiV 
FAC1 
FN20 
HCT 
i HOY 
im 
LDC 
NC 
PYV 
PZBW 

PZWU 
gurr 
sun 
SSI'l) 
STKI; 
STWT 
TIYY 
TV 
TZ 
VCT 
VIOY 
vw 
1VCT 

Refer to Table ] 10 
Refer to Table ] in 
Refer to Tables 10 and 12 
Refer to Table J in 
Refer to Table J K) 
Refer to Table ] 10 
Refer to Table ] L0 
Refer to Table ] to 
Refer to Table ] (i 

Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table 1 10 
Refer to Table 1 10 
Refer to Table J 10 
Refer to Table 0 
Refer to Table J 0 
Refer to Table 1 0 
Refer to Table ) 10 
Refer to Table ] 10 
Refer to Table J 0 
Refer to Table ] 10 
Refer to Table '. 10 
Refer to Table ] 0 
Refer to Table 1 0 
Refer to Table ] 0 
Refer to Table ] 0 
Refer to Table ] 10 
Refer to Table 1 0 
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WIOY 

tVWT 
XACX; 
xa^ 
XC:PB 
XCPII 
XCPN 
XCPV 
XCPW 
XMOG 
XI IPS 

XI IRS 

XMGD 
X.MGG 
XNICT 
XNFS 

XNGD 
XNGG 
XNGT 
X.\TIIS 

XOFS 
XORS 

XST 
XV'CC 

XVFS 
WHS 

XWCG 
XWFS 
XIV IS 

XWRS 
YACG 
YCPli 
YCPIV 
YHCG 
YIISP 

YMGG 
YMGS 
YNSP 
YOSF 

YST 
YVSF 

YiVCG 
YWSF 

ZACG 
ZCG 

Refer to Table 1 .0 
Refer to Table 1 0 
Refer to Table 1 0 
Refer to Table i i() 

Refer to Table J 0 
Refer to Table J .0 
Refer to Table ] 0 
Refer to Table ] L0 
Refer to Table J 10 
Refer to Table J L0 
Refer to Table ] 10 
Refer to Table I L0 
Refer to Table ] [() 
Refer to Table ] L0 
Refer to Table ] L0 
Refer to Table ] 10 
Refer to Table J [() 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table 1 10 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table 1 10 
Refer to Table J in 
Refer to Table 10 
Refer to Table I 10 
Refer to Table 1 [0 
Refer to Table ! 0 
Refer to Table J 10 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table ] 10 
Refer to Table ! 10 
Refer to Table ] 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table . 10 
Refer to Table 10 
Refer to Table . 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
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ZCPV Refer to Table 10 
ZHCG Refer to Table 10 
ZST Refer to Table 10 
ZVOG Refer to Table 10 
ZVSF Hefer to Table 10 
Z5VCG Refer to Table 10 

Arrays and Variables Calculated 

FNZO Refer to Table 10 
QDOT Refer to Table 10 

S Intermediate calculations for individual component 
leads and as follows: 

S(21) Horizontal tail inertia load for vertical tail 
load calculation, lb 

S(22) Horizontal tail center of gravity for vertical 
tail load calculation, in. 

S(23) Horizontal tail airload for vertical tail load 
calculation, lb 

S(24) Horizontal tail airload center of pressure for 
vertical tail load calculation, in. 

S(25) Horizontal tail pitching moment for vertical tail 
load calculation, in.-lb 

S(29) Main landing gear load for wing load calculation, lb 
S(30) X-coordinate of main landing gear load, in. 
^(31) Y-coordinate of main landing gear load, in. 
STKE Refer to Table 10 
52 Pitching moment introduced at frame for use in 

subroutine FLDNT, in.-lb 
53 Distributed body airload array cleared to zero 

for taxi condition, lb 
S6 Refer to Tables 10 and 23 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 
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Error Messages 

• ERROR MESSAGE AIR VEHICLE DOES NOT BALANCE FOR TAXI 
VEHICLE  CG - XXX.X  X - NG - YYY.Y  X - MG - ZZZ.Z 

The foregoing message appears when the vehicle center of gravity 
(XXX.X) is not between the nose gear tire location (YYY.Y) and the 
main gear tire location (ZZZ.Z). The vehicle is out of balance 
and will not sit on the runway. The component weight distribu- 
tions, vehicle center of gravity, and gear locations should be 
checked for errors. The routine continues through the calcula- 
tions with negative gear loads. 

• TWO WHEELED LANDING - SINK SPEED IS 0.0 

The foregoing message appears when the sink speed was not input for the 
two-wheeled landing condition. The condition reverts to a balanced flight 
condition. 

• PROGRAM OVERRIDE 
STROKE WAS 0.0 IS 18.0 INCHES 

The foregoing message appears when the main landing gear stroke was not 
input for the two-wheeled landing condition. The routine assumes an 18-inch 
stroke in order to circumvent a division by zero. 

SUBRCUTINE DIM1Y1 

General Description 

Deck name: DUNWYl 
Entry name: DÜNWY1 
Called by: FUSLD 
Subroutines called: None 

This subroutine checks the input loads and geometry data arrays for pos- 
sible incompatibility. The total vehicle weight, balance, and pitch inertia 
are redefined by the sunmation of all the components. For vertical balanced 
flight conditions, the wing load and center of pressure are adjusted to insure 
a balanced vehicle. Pitching acceleration and wing load are adjusted for 
dynamic balance conditions. If the data have been input properly, the calcu- 
lations within this routine will not alter the input data. 
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Arrays and Variables Used 

AIOY 
AIM 
D 
DGiV 
FNZO 
HIOY 
iflVT 
IP 
LCN 
LUC 
.'vC 

PZBW 
PZH 
PZN 
PZWB 
QDOT 
SIOY 
sr.^r 
TIYY 
UIY 
VIOY 
Wf 
w'FC 
WFUS 
WIOY 
m 
XACG 
XBAR 
XCG 
XCPB 
XCPU 
XCPN 
XCPW 
XJ1CG 
XST 
XVCG 
XWCG 
ZACG 
ZOG 
ZliCG 
zo 
ZST 
ZVCG 
Z1VCG 

Refer to Table ] 10 
Refer to Table ] 10 
Refer to Tables 10 and 12 
Refer to Table 1 10 
Refer to Table 1 L0 
Refer to Table ] 10 
Refer to Table ] 10 
Print control (i *efer to "Labeled Common Arrays' ') 
Refer to Table J L0 
Refer to Table ] L0 
Refer to Table ] 10 
Refer to Tablo 1 10 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table ] L0 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table 1 10 
Refer to Table ] L0 
Refer to Table '. 10 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table ] L0 
Refer to Table J m 
Refer to Table 1 10 
Refer to Table ] 0 
Refer to Table ] 10 
Refer to Table ] L0 
Refer to Table ] 10 
Refer to Table ] L0 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table ] L0 
Refer to Table ] L0 
Refer to Table ] L0 
Refer to Table ] L0 
Refer to Table ] L0 
Refer to Table ] L0 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table ] 10 
Refer to Table ] 10 
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Arrays and Variables Calculated 

DGIV Refer to Table 10 
PZMB Refer to Table 10 
QDar Refer to Table 10 
s Intermediate calculations 
TIYY Refer to Table 10 
XCG Refer to Table 10 
XCPW Refer to Table 10 
ZCG Refer to Table 10 

Labeled Common Arrays 

IP(74) Output print control for input and corrected 
DGW, PZ1VB, QDGT, TIYY, XCG, XCPW, and ZCG values. 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE FARLD 

General Description 

Deck name: FARLD 
Entry name: FARLD 
Called by: FLDNT 
Subroutines called: None 

This subroutine distributes nose airload (PZN) and body carryover lift in 
the presence of the wirg (PZBW) by using the basic isosceles triangle type of 
load distributions. The basic distribution is used to calculate the amount of 
lift acting on each of the affected fuselage segments. However, the assump- 
tion that the lift in each segment acts at the centroid of the segment (XBAR) 
introduces an error in the total center of pressure location. A coupled dis- 
tribution is added to the basic distribution to obtain the correct lift and 
center of pressure. 

The forward end of the nose lift distribution is at the fuselage nose 
station. The apex of the triangle is at the center of pressure, and the aft 
end is located to form an isosceles triangle. Checks are made to confine the 
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distribution between the nose and tail stations, and to distribute the lift 
within a minimum of two fuselage segments. 

The body carryover lift is distributed in the same manner as the nose 
lift. The forward edge of the lift distributi^is located at the synthesis 
cat, which is either at the wing leading edge apex or, if a cut does icr 
ox!';t at that point, at the cut immediately forwara of -the wing apex. 

.,,•'  ft 
Arrays and Variables Used ■•,,  *■ i 

D Refer to Tables 10 and 12 
I;ELX Refer to Tables 10 
N'C Refer to Table 10 .. j 
.•:i3W Refer to Table 10 
I'ZN Refer to Table 10 
XAPX Refer to Table 10 
XöAR Refer to Table 10 
XCPB Refer to Table 10 
XCPN Refer to Table 10 
XI Refer to Table 10 
XO Refer to Table 10 

Arr ^ aud VariabJe ■ alculated 

S(l) Fonvard end of lift distribution, in. 
S(2) Intermediate calculation 
S(3) Aft end of lift distribution, in. 
S(4J Intermediate calculation 
S(5) Intermediate calculation 
.S(6) Intermediate calculation 
S(7) Intermediate calculation 
S(12) Value of distributed load at peak of basic 

triangular distribution, lb/in. (refer to 
methodology discussion of body airloads) 

S(13) Value of distributed load for add distribution, 
lb/in. (refer to methodology discussion of body 
airloads) 

S(14) Apex of triangular lift distribution, in. 
S(15) Lift to be distributed, lb 
.S(16} Center of pressure of lift, in. 
SI Basic triangular-shape lift distribution, in.; 

S1(J) is ratio of total basic lift (lb) acting 
on fuselage segment J to peak value of triangularly 
distributed basic load (lb/in.) 

S21(l) X-coordinate of wing leading edge apex station, in. 
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53 Body airload acting on individual synthesis 
segments for use in subroutine FLDNT, lb 

54 Coupled lift distribution, in.; S4(J) is ratio of 
total add distribution lift (lb) acting on segment J 
to distributed value of that lift (lb/in.) 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE FLDNT 

General Description 

Deck name: FLDNT 
Entry name: FLDNT 
Called by: FLDDT 
Subroutines called: None 

This subroutine integrates the effects of fuselege deadweight distribu- 
tion, airloads, and external forces to obtain the net ultimate vertical shear 
and bending moment diagrams. The routine also calculates the shear Mice due 
to the contents in each synthesis segment. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
DELX Refer to Table 10 
FAC1 Refer to Table 10 
FNZO Refer to Table 10 
NC Refer to Table 10 
QDOT Refer to Table 10 
S2 Pitching moment introduced at major frames 

calculated in subroutine FLDDT, in.-lb 
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S3 Body airload acting on individual synthesis segments 
calculated in subroutine FARLD, lb 

S6 Refer to Tables 10 and 23 
HIY Refer to Table 10 
WFC Refer to Table 10 
IVFUS Refer to Table 10 
XBAR Refer to Table 10 
XCG Refer to Table 10 
XO Refer to Table 10 
ZCG Refer to Table 10 
ZO Refer to Table 10 

Ana/s and Variables Calculated 

SI Ultimate vertical load factor at each synthesis 
segment 

54 Vertical shear in synthesis segment introduced at 
support frames, lb 

55 Moment couple transfer term resulting from differ- 
ence between segment centroid and support frame 
station, in.-lb 

56 Refer to Tables 10 and 23 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 
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SUPRXH'IiNE MFCm 

General Description 

Deck name: MFCNTL 
Entry njyne: MFCNTL 
Called by: FUSLD 
Subroutines called: MATLF, MATLP1 

This subroutire controls the development of material property data for 
the cover, longerons, major frames, and minor frames. This routine reads 
the material library data from mass storage file records 41 through 60, calls 
subroutine MATLF to calculate the material properties, and then stores these 
data on mass storage file records 85 through 108. The input material selec- 
tion number determines the library file to be used for each of the shell com- 
ponents. For a given load condition (LCN), the material properties for the 
shell elements are calculated and written into the mass storage file. 

Arrays and Variables Used 

CIND Refer to Tables 10 and 11 
IP Print control (refer to "Labeled Comnon Arrays") 
LCN Refer to Table 10 
S6 Refer to Tables 10 and 23 
TM Refer to Tables 10 and 24 
BID Refer to Table 10 and 25 
XMISC Refer to "Labeled Conmon Arrays" 

Arrays and Variables Calculated 

MATLI Refer to Table 10 
WATL Refer to Table 10 
BIS Refer to Tables 10 and 26 
TT Refer to Table 10 and 28 

■ 

Labeled Common Arrays 

IP(72) Output print control for material property data at 
first load condition; subroutine MATLP1 is called 
to print data 

IP(73) Output print control for material property data at 
all design load conditions 

XMISC(l)        Number of different materials which exist in 
material library files 
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Mass Storage File Records 

Read by Subroutine 
Records 41-^0 

Written by Subroutine 
Records 85-108 

hrror Messages 

* MAIL INPUT ERROR. ASSUMED MAIL NO. 1 
III XXX YYY 

The foregoing message appears when the input material number is not 
within the limits of the material library. The total number of materials on 
file (III), the material number requested (XXX), and the design temperature 
(.XYY) appear below the printed message. If the program assumption is unac- 
ceptable, the input data should be corrected. 

• M\TL TEMPERATURE ERROR M\TL NO. XXX.X REQD YYY.Y DEC. ASSUMED 
TEMP = ZZZ.Z DEC 

The foregoing message appears when the design temperature (YYY.Y) is less 
than or equal to zero. The program assumes the lowest temperature on file 
(ZZZ.Z) and proceeds. If the design temperature is as indicated, and the 
material properties at that temperature are required, the material library 
data should be changed to include properties at the design temperature. 

SUBROUTINE MATLF * 

General Description 

Deck name: MATLF 
Entry name: MATLF 
Called by: MFCNTL 
Subroutines called: None 

This subroutine interpolates the material file data for properties at 
the design temperature, and converts the tabulated stress-strain data into 
an approximation equation based on least squares fit. The curves through 
points 1, 2, 5 or 1, 3, 5 or 1, 4, 5 of the tabulated data are examined for 
the best fit. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
TMD Refer to Tables 10 and 25 
TT Refer to Tables 10 and 28 
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Arrays and Variables Calculated 

KA Lower temperature data indicator for material 
property interpolation 

KB Upper temperature data indicator for material 
property interpolation 

TM Refer to Tables 10 and 24 
TT Refer to Tables 10 and 28 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Hrror Messages 

• *** MATL T1M>ERATURE ERROR *** MATL NO. XXX. X IHERE IS ONE TEMPER- 
ATURE ON FILE REQD TEMP = YYY.Y ASSUMED TEMP - ZZZ.Z 

The foregoing message is printed when the file consists of material 
properties at only one temperature which does not agree with the design 
temperature. The routines use the pfoperties in the file. If this assumption 
is not acceptable, the file data should be corrected. 

• *** MATL TEMPERATURE ERROR *** M/VTL NO. XXX.X TEMPERATURE IS BEYOND 
RANGE OF TABLE REQD TEMP - YYY.Y LAST TEMP - ZZZ.Z 

The foregoing message is printed when the program extrapolates the 
material file data. This message may be followed by a catastrophic failure. 
In most cases, the extrapolation should provide acceptable results and no 
correction would be required.  If the extrapolation results in failure or if 
the results are not satisfactory, the library data should be extended to 
include the design temperature. 

SUBROUTINE MATLP1 

General Description 

Deck name: MATLP1 
Entry name: MATLP1 
Called by: MFCNTL 
Subroutines called: None 
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This subroutine is called to print the material properties of the shell 
elements for the first load condition if IP(72) is 0, and for all load condi- 
tions if IP(73) is 0. The curve fit constants and the tabulated stress- 
strain data are presented in the output. 

Arrays and Variables Used 

LCN Refer to Table 10 
MAIL' Refer to Table 10 
BM Refer to Table 10 
IM Refer to Tables 10 and 24 
IMD Refer to Tables 10 and 25 

Arrays and Variables Calculated 

None 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

hrror Messages 

None 

SUBROUTINE QCRIT 

General Description 

Deck name: QCRIT 
Hntry name: QCRIT 
Called by: FUSLD 
Subroutines called: None 

This subroutine checks the vehicle flight profile data for the critical 
local panel flutter condition, and for maximum sea-level speed and dynamic 
pressure. 
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The critical flutter parameters may either be part of the input data set 
in the CIND array, determined by investigation of the different flight design 
conditions, or by investigation of the speed-altitude profile. The basic 
organization of the flight data is accomplished in subroutine FUSLD prior to 
entry into this routine. In any case, local panel flutter is not evaluated 
for subsonic flight conditions. 

The routine makes a systematic check between the previously defined crit- 
ical parameters and the mach number, altitude, and dynamic pressure for the 
point under consideration. Should mach number and altitude be defined with 
the dynamic pressure undefined, the routine calculates dynamic pressure by a 
curve fit estimate of standard-day atmospheric properties. 

The cover modulus of elasticity is consistent with the vehicle environ- 
ment for any specific load condition. However, during the evaluation of 
speed-altitude profile data, consistent material properties are not available; 
therefore, the modulus at the last load condition is used in the search through 
the vehicle limit speed envelope. This assumption does not introduce any sig- 
nificant error, since material modulus taken to the one-third power (Figure 15) 
is not expected to vary to any large degree between two adjacent points being 
analyzed on the mach-altitude profile. 

Arrays and Variables Used 

ALT Vehicle altitude, ft 
CIND Refer to Tables 10 and 11 
D Refer to Tables 10 and 12 
EQUA Refer to Tables 10 and 13 
FMN Specific mach number for flutter evaluation, M 
Q Dynamic pressure, psf 
IMS Refer to Tables 10 and 26 

Arrays and Variables Calculated 

CIND Refer to Tables 10 and 11 
S(l) Altitude divided by 1,000, ft/1,000 
5(2) Q, dynamic pressure, psf 
S(3) Function of mach number 
S(4) Cover material modulus of elasticity, psi 
S(5) Cover panel thickness function from 

current parameters 
S(6) Cover panel thickness function from previous 

or input parameters 
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Labeled Common Arrays 

None 

Mass Storage File Records 

None 

lirrur Messages 

• *** PROGRAM OVERRIDE *** 
FUHTER E = XXXXXXXX.X 

The foregoing message is printed when the input mach number in the CIND 
array is greater than 1, and the cover modulus of elasticity was not input. 
The modulus from the first load condition is used as noted by the message. 
No corrective action is required. 

• CHECK ON INPUT rUTTTER REQUIREMENT 
DATA ERROR Q IS ZERO 

The  foregoing message is printed when the input mach number in the CIND 
array is greater than 1, and the dynamic pressure was not input. The dynamic 
pressure is set to 1.0 in order to circumvent a division by zero. This pro- 
gram revision has an effect of voiding the input flutter data, but has no 
effect on the flutter evaluation of the load conditions or speed-altitude pro- 
file data points. If the input point is of prime concern, the dynamic pres- 
sure should be input in the data set. 

SUBROUTINE FFRME 

General Description 

Deck name: FFRME 
Kntry name: FFRME 
Called by: FUS01 
Subroutines called: FRMND1, FRMND2, FRMLD 

This subroutine controls the organization of frame load data, development 
of internal loads, and the synthesis of the major support frames. 

Initial organization is 'ccomplished by examination of the first load 
condition data. The S6 array defines a maximum of 15 external load support 
frames by nonzero fuselage stations. A systematic check is made for common 
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frame stations which designate multiple-function frames. The scratch counter 
arrays (II, 12, 13) are used to determine the loads data to be combined for 
the frame synthesis. The procedure starts at the first frame in the array and 
determines the total number of unique frames (L) to be evaluated. The II 
array tracks the first unique station encountered, the 12 array tracks the 
second frame at that station, and the 13 array keeps track of the third frame. 
A maximum of three frames may have a common station. Should a fourth func- 
tional frame occur at the same station, it is evaluated as a unique frame. 

All of the vehicle load conditions are examined, and the loads for the 
specific frame are ordered in the FFLD array. Each frame has a minimum of two 
node points representative of the left and right sides of the vehicle. How- 
ever, the angular location of only one of the nodes is present in the S6 
array, and, therefore, the conplement angle is calculated and stored in the 
FFLD array. The coordinates of these nodes are also rearranged and saved in 
arrays YE and ZE. 

The routine then calls subroutine FRMND1 to develop the synthesis cut 
coordinates, and subroutine FRMLD to calculate the internal frame loads and 
structural synthesis. Correlation factors are applied to the synthesized 
frame weights which are stored in the FMhTT array. 

Arrays and Variables Used 

CIND Refer to Tables 10 and 11 
D Refer to Tables 10 and 12 
EY Refer to Table 10 
EZ Refer to Table 10 
FRMC Refer to Table 10 
IP Print control (refer to "Labeled Conmon Arrays") 
KC Refer to Table 10 
NOC Refer to Table 10 
S6 Refer to Tables 10 and 23 
TWT Refer to Table 10 
WTF Refer to Table 10 
IVTST Refer to Table 10 
WM Refer to Table 10 

Arrays and Variables Calculated 

FD Frame depth, in. 
FFLD Refer to Tables 10 and 14 
FMIVT Refer to Tables 10 and 16 
IC Refer to Table 10 
IFF Refer to Table 10 
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IQ 
ii 
12 

15 

L 
LCN 
LPT 
Sl 

Yi; 
zi; 

Refer to Table 10 
Specific unique support frame number 
Subsequent support frame number at same station as 
specific unique frame 
Third support frame number which has same station 
as specific unique frame 
Total number of unique major frames 
Load condition counter 
Number of load points on frame 
Scratch array for tracking only the first frame 
that occurs at a given fuselage station 
Refer to Table 10 
Refer to Table 10 

Labeled Common Arrays 

IP(75) 

IP(77) 

Output print control for external loads and design 
temperature at each unique frame 
Output print control for detail weights of each 
unique major frame 

Mass Storage File Records 

Read by Subroutine 
Records 61-84 

Written by Subroutine 
None 

Lrror Messages 

None 

SUBROUTINE FTOWDl 

General Description 

Deck name: PRMNDl 
lintry name: FRMND1 
Called by: FFRMK 
Subroutines called: None 

361 



This subroutine calculates the frame node coordinates at the frame syn- 
thesis cuts for rounded rectangle shapes. Should the frame occur in the first 
shell synthesis segment, the geometric definition at the first shell synthesis 
cut is used for the frame. The geometry of all other frames is determined by 
interpolating between the bounding shell synthesis cuts. The frame synthesis 
cut coordinates are based on equal-length segments along the external contour 
of the frame. The first cut is taken at the top centerline, which also defines 
the coordinates of the last synthesis cut. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
DOO Refer to Table 10 
FFLD Refer to Tables 10 and 14 
IFF Refer to Table 10 
IP Print control (refer to "Labeled Common Arrays") 
IQ Refer to Table 10 
RD Refer to Table 10 
W0 Refer to Table 10 
XO Refer to Table 10 

Arrays and Variables Calculated 

DLS Refer to Table 10 
PSI Refer to Table 10 
S Intermediate calculations 
Y Refer to Table 10 
YB Refer to Table 10 
Z Refer to Table 10 
ZB Refer to Table 10 

Labeled Common Arrays 

IP(75) Output print control for frame-shape parameters 

Mass Storage File Records 

None 

Lrror Messages 

None 

362 



SUBRÜUTINE FRMND2 

General Description 

Deck name: FRMND2 
Entry name: FRMND2 
Called by: FFRME 
Subroutines called: None 

This subroutine is currently a dummy routine that would be written to 
calculate the frame coordinates for elliptical fuselage shapes. 

SUBlOmNE FRMLD 

General Description 

Deck name: FRMLD 
Hntry name: FRMLD 
Called by: FFRME 
Subroutines called: SFOAWE 

This subroutine calculates the ring neutral axis coordinates based on 
the mold line coordinates and the frame depth. It calculates the shear flow 
to statically balance the external frame loads, and then calculates the 
internal ring loads based on the elastic center approach. 

The routine systematically examines the different frame load conditions, 
calculates the internal loads, and then calls subroutine SFOAWE to synthesize 
the frame. The load condition counter (LCN) is transferrec" through common to 
direct SFOAWE to the proper material property file. Should there be no frame 
loads for a given vehicle load condition, the next condition is examined. 
If there are no loads applied on the frame for all of vine conditions, the 
frame is synthesized to construction minimums. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
DLS Refer to Table 10 
FD Refer to Table 10 
FFLD Refer to Tables 10 and 14 
IC Refer to Table 10 
IFF Refer to Table 10 
IP Print control (refer to "Labeled Common Arrays") 
IQ Refer to Table 10 
LPT Refer to Table 10 
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NOC Refer to Table 10 
PS I Refer to Table 10 
Y Refer to Table 10 
YB Refer to Table 10 
YE Refer to Table 10 
Z Refer to Table 10 
ZB Refer to Table 10 
ZE Refer to Table 10 

Arrays and Variables ( Calculated 

A Refer to Table 10 
AA Refer to Table 10 
AREA Refer to Table 10 
BEN Refer to Table 10 
BM Refer to Table 10 
BMO Refer to Table 10 
DLSP Refer to Table 10 
[JO Refer to Table 10 
LCN Refer to Table 10 
Q Refer to Table 10 
s Intermediate calculations 
V Refer to Table 10 
vo Refer to Table 10 
w Refer to Table 10 
YP Refer to Table 10 
YPB Refer to Table 10 
ZP Refer to Table 10 
ZPB Refer to Table 10 
zzs Refer to Table 10 

Labeled Common Arrays 

IP(76) Output print control for major frame coordinates 
and internal loads 

Mass Storage File Records 

None 

Error Messages 

None 
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SUBROUTINE SFOAWE 

General Description 

Deck name: SFOAWE 
Entry name: SFOAWE 
Called by: FPMLD 
Subroutines called: None 

This subroutine calculates the frame component structural sizing based 
on the internal ring loads, material properties, and fabrication minimums. 
The proper material file that accompanies a load condition is defined by the 
load condition counter (LCN). 

This subroutine is entered for each load condition. For the first condi- 
tion, all of the structural elements are initialized to fabrication minimums. 
On subsequent conditions, the previous sizing for each synthesis segment is 
the lower limit in the segment analysis. 

Arrays and Variables Used 

AA Refer to Table 10 
BEN Refer to Table 10 
D Refer to Tables 10 and 12 
DLSP Refer to Table 10 
FD Refer to Table 10 
IFF Refer to Table 10 
IP Print control (refer to "Labeled Common Arrays") 
LCN Refer to Table 10 
NOC Refer to Table 
BIS Refer to Tables 10 and 26 
W Refer to Table 10 

Arrays and Variables Calculated 

AC Refer to Table 10 
AMI Refer to Table 10 
BB2 Refer to Table 10 
BC2 Refer to Table 10 
E Refer to Table 10 
FCY Refer to Table 10 
FKC Refer to Table 10 
FMU Refer to Table 10 
FSU Refer to Table 10 
FTU Refer to Table 10 
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PM 
PAX 
RHO 
S(2) 

S(3) 

S(34) 
S(35) 

S(36) 
S(37) 

S(38) 

TCAP 
TCAP2 
TCC 
TBI2 
TW 
TWS 
TOT 
TWW 
OTF 
IVTST 
IVTIV 

Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Absolute value of internal shear at frame 
segment, lb 
Local frame cap area required for given load 
condition, in.2 
Intermediate calculation 
Weight of two frame caps in frame synthesis 
segment, lb 
Weight of frame web in frame synthesis segment, lb 
Weight of frame stiffener in frame synthesis 
segment, lb 
Frame cap area required for previous load 
conditions, in.^ 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 

Labeled Common Arrays 

IP(76) Output print control for major frame final 
synthesized elements 

Mass Storage File Records 

Read by Subroutine 
Records 85-108 

Written by Subroutine 
None 

Error Messages 

None 
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PROGRAM FUS02 

General Description 

Deck name: FUS02 
Entry name: OVERLAY (5HALPHA,  12, 0) 
Called by: OLAYOO 
Subroutines called:    FUSSHL 

Ibis routine is the main control for the second overlay of the fuselage 
weight estimation program.    Subroutine FUSSHL is called to direct the shell 
synthesis and weight analysis.    The group weight and balance summary is 
stored in the FDAT array for use in the total vehicle summary output. 

Arrays and Variables Used 

Sum Refer to Tables 10 and 20 

Arrays and Variables Calculated 

FDAT Weight summary (refer to "Labeled Common Arrays") 

Labeled Common Arrays 

FDAT Refer ^o Table 30 

Mass Storage File Records 

Xone 

Error Messages 

None 
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SUBRCUriNE FUSSHL 

General Description 

Deck name: FUSSHL 
Entry :iame: FUSSHL 
Called by: FUS02 
Subroutines called: CUTOUT, LDCHK, GJ1GE0, GJ2GEO, LONGS, BLKHDS, 

FWEIGH, PARTIT, MISCWT, SECOST, WTDIST, SUtfm, 
SPRINT 

This subroutine controls the shell structural synthesis, the weight and 
balance calculations, and the sunmary output. 

The routine controls the synthesis calculations starting at the first cut 
and proceedirg through the last cut. The synthesis cut counter I is trans- 
ferred through common and directly affects the following subroutines: 

LDCHK 
GJ1GEO 
GJ2GE0 
LONGS 
I1L0NG 
I2L0NG 
FPANEL 
FHCMB 
FCOVER 
CVPRES 
MINER 
FBEND 
BLKHDS 

In addition to the synthesis cut counter, certain scratch arrays are per- 
tinent to the foregoing routines. Although th^se arrays are not directly ref- 
erenced in this routine, they are developed in this primary synthesis loop. 
The maps of the 51, S2, S3, and S4 arrays as they apply to these routines are 
shown in Table 36. 

A total of 200 T array variables are printed by subroutine FUSSHL after 
completion of shell sizing at each cut. Table 37 shows the output when a 
pressure bulkhead does not exist at a synthesis cut. Table 38 shows the 
variables which would be printed when a bulkhead is evaluated at a synthesis 
cut. 
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Arrays and Variables Used 

BLKD Refer to Table 10 
CIN'D Refer to Tables 10 and 11 
Ü Refer to Tables 10 and 12 
IP Print control (refer to "Labeled Common Arrays") 
KC Refer to Table 10 
NC Refer to Table 10 
T Refer to Tables 37 and 38 

Arravs and Variables Calculated * 

FD Refer to Table 10 
SlINM Refer to Tables 10 and 20 
T Refer to Tables 37 and 38 
UTBK Refer to Table 10 

The arrays SUMM, T, and WTBK are initialized to zero in this routine, 

I-aheled Common Arrays 

IP(79) Output print control for first 200 cells of 
scratch region (common locations 2001 through 
2200) after completion of synthesis at each shell cut 

Mass Storage File Records 

None 

lirror Messages 

None 
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TABLE 36.    SCRATCH ARRAYS SI, S2, S3, AND S4 AS 
USED IN TOE SYNIHESIS LOOP 

Loc 
Var 
Name 

Engrg 
Symbol Description 

Sl(l) b, d/D Stringer spacing, in., or longeron height 
ratio 

Sl(2) Nimber of stringers or longerons 

SI (3) Number of secondary longerons or longitudinal 
stiffeners 

Sl(4) D Total fuselage depth, in. 

SI (5) I/t Upper panel vertical section inertia per 
unit thickness, in.Vin. 

SI (6) I/t Lower panel vertical section inertia per unit 
thickness, in.Vin. 

SI (7) I/t Upper panel lateral section inertia per unit 
thickness, in.Vin. 

SI (8) I/t Lower panel lateral section inertia per unit 
thickness, in.Vin. 

SI (9) I/t Side panel vertical section inertia per unit 
thickness, in.4/in. 

Sl(lü) I/t Side panel lateral section inertia per unit 
thickness, in.Vin. 

SI(11) IM Upper stringers or longerons vertical 
section inertia per unit area, in.Vin.^ 

SI(12) IM Ixjwer stringers or longerons vertical 
section inertia per unit area, in.Vin.2 

SI (13) I/A Upper stringers or longerons lateral section 
inertia per unit area, in.Vin.^ 
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TABLE 36. SCRATCH ARRAYS SI, S2, S3, AND S4 AS 
USED IN THE SYNTHESIS LOOP (CONT) 

Loc 
Var 
Name 

Engrg 
Symbol Description              ' 

|  S1(14) I/A Lower stringers or longerons lateral section 
inertia per unit area, in.Vin.2 

i SKIS) IM Side stringers vertical section inertia per 
unit area, in.Vin.^ 

|  SKIO) I/A Side stringers lateral section inertia per   1 

unit area, in.Vin.2                    j 

SI (D I/A Secondary longerons vertical section inertia  ! 
per unit area, in.4/in.^                | 

1  Sl(18) I/A Secondary longerons lateral section inertia  ! 
per unit area, in.Vin.2                j 

j  Sl(19) Q/A Primary longerons or stringers vertical area 
moment per unit area, in.-Vin.2           i 

SU20) Q/A Primary longerons or stringers lateral area  ! 
moment per unit area, in.3/in.2           | 

S2(l) M Maximum down-bending moment based on moment  j 
over longeron compression yield strength,    | 
in.-lb                              i 

S2(2) M Maximum up-bending moment based on moment 
over longeron compression yield strength,    ! 
in.-lb                             | 

S2f3) V Maximum shear based on shear over cover 
ultimate shear strength, lb 

S2(4J Maximum down force due to contents in       | 
segment forward of synthesis cut, lb        | 

S2(S) Maximum up force due to contents in 
segment force of synthesis cut, lb         | 

371 



TABLE 36.    SCRATCH ARRAYS SI, S2, S3, AND S4 AS 
USED IN TOE SWIHESIS LOOP (CONT) 

Loc 
Var 
Name 

Engrg 
Symbol Description 

S2(6) LCN Load condition number that causes maximum 
down force 

S2(7) XCG Vehicle center of gravity to go with maximum 
down force, in. 

S2(8) FAC1 Limit to ultimate load factor to go with 
maximum down force 

S2(9) FNZO Vertical load factor to go with maximum down 
force 

S2(10) QDOT Pitching acceleration to go with maximum 
down force, radians/sec2 

.S2fll) IXN Load condition number that causes maximum up 
force 

S2(12) XCG Vehicle center of gravity to go with maximum 
up force, in. 

S2(13) FAC1 Limit to ultimate load factor to go with 
maximum up force 

S2(14) FNZO Nz Vertical load factor to go with maximum up 
force 

S2(15J QDOT Pitching acceleration to go with maximum up 
force, radians/sec2 

S2(16) V Maximum vertical shear introduced by wing, lb 

52(17) V Maximum vertical shear introduced by 
horizontal tail, lb 

S2(18) M Maximum roll moment introduced by vertical 
tail, in.-lb 
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TABLE ;56. SCRATCH ARRAYS SI, S2, S3, AND S4 AS 
USED IN THE SYNTOESIS LOOP (CONT) 

liOC 

Var 
Name 

Engrg 
Symbol Description 

S2(19) V Maximum vertical shear introduced by 
nacelle, lb 

S2i20) V Maximum vertical shear introduced by 
store or other component, lb 

S3(l) q Vertical shear flow, lb/in. 

S3C2) i v 1 minus Poisson's ratio squared 

S3 (3) 
2l/2 

(1 - ß ) Square root of 1 minus Poisson's ratio 
squared 

S3 (4) K^E/b2 Shear resistant thickness function, lb 

S3(5J FS Shear stress, psi 

S3 (6) F 
SCR 

Critical buckling shear stress, psi 

S3(7) Ks Shear buckling coefficient 

S3 (8) b Shear panel minimum span, in. 

S3 (9) b Shear panel vertical distance between 
supports, in. 

S3(10J t Basic flutter thickness, in. 

S3(11) t Basic acoustic fatigue thickness, in. 

S3(12j t Upper panel land thickness for pressure 
design, in. 
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TABLE 56.    SCRATCH ARRAYS SI, S2, S3, AND S4 AS 
USED IN THE SWIHESIS LOOP (CONCL) 

Loc 
Var 
Name 

Engrg 
Symbol Description 

S3(13) 

S3(14) 

S3 (15) 

»3(16) 

53(17) 

53(18) 

53(19) 

53(20) 

54(1) 

54(2) 

54(3) 

54(4) 

54(5) 

S4(6) 

54(7) 

FD 

a 

5T max 

max 

Side panel land thickness for pressure 
design, in. 

Lower panel land thickness for pressure 
design, in. 

Upper panel field thickness for pressure 
design, in. 

Side panel field thickness for pressure 
design, in. 

Lower panel field thickness for pressure 
design, in. 

Acoustic fatigue field thickness, in. 

Upper panel thickness for flutter 
design, in. 

Lower panel thickness for flutter 
design, in. 

Minor frame depth, in. 

Minor frame effective area, in. 

Principal diagonal tension angle, 
radians 

Degree to which diagonal tension is 
developed 

Maximum forced crippling stress in 
longitudinal members, psi 

Maximum forced crippling load in 
longitudinal members, lb 

Area of longitudinal member that resist 
forced crippling, in. 

374 



TABLE 37. T ARRAY VARIABLES PRINIEU BY SUBROUTINE FUSSIL 

Variable Engrg 
Symbol 

Source 

Loc Name Description Routine Note 

1 S(l) 1, 2 
2 8(2) 

*ü 
Area of upper longerons or 

stringers to satisfy 
strength, in.2 

FBEND 

3 S(3) 
^ 

Area of side stringers to FBEND 2 
resist forced crippling, 
in 2 

4 S(4) 
\ 

in. 

Area of lower longerons or FBEND 2 
stringers to satisfy 
strength, in.2 

5 S(5) ASL Secondary longeron area FBEND 2 
(minimum area), in.2 

6 8(6) 0 maxc 
Maximum cover stress, psi FBEND 2 

7 8(7) d/2 Distance from neutral axis 
to shell extreme fibre, in. 

FBEND 2 

8 8(8) o   /d/2) 
maxL 

Ratio of maximum longeron FBEND 2 
stress to distance to 
extreme fibre, psi/in. 

9 8(9) a   /d/2) 
maxc 

Ratio of maximum cover 
stress to distance to 
extreme fibre, psi/in. 

FBEND 

10 8(10) "EX/2 Half of net ultimate bend- 
ing moment, in.-lb 

FBEND 2 

11 8(11) Panel degradation due to 
proximity of cutout, in. 

FBEND 2 

12 8(12) Bending moment reacted by 
panel and secondary 
bending elements, in.-lb 

FBEND 2 

1? 8(13) 
\ 

Bending moment reacted by 
primary longerons or 
stringers, in.-lb 

FBEND 2 

14 8(14) A Area of primary longerons 
or stringers to react 
bending moment, in.2 

FBEND 2 

15 8(15) Panel width between 
longerons or stringers, 

FBEND 2 

16 S(16) Available panel width 
located at longerons 
or stringers, in. 

FBEND 2 
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TABLE 37. T ARRAY VARIABLES PRINTEÜ BY SUBROUTINE FUSSHL (CONT ) 
  

Source     t 
Variable 
Name 

Engrg 
Symbol 

^ 

Loc Description Routine Note 

17 S(17) Curvature contribution to 
panel compression crip- 
pling stress, psi 

FBEND 2 

18 S(18) Intermediate calculation FBEND 2 
19 S(19) F rCCR 

Panel critical compression FBEND 2 
crippling stress, psi 

20 S(20) W Effective panel width 
located at longerons 
or stringers, in. 

FBEND 2 

21 S(21) »t Bending moment reacted by 
panel in compression, 
in.-lb 

FBEND 2 

22 S(22) Total panel width unaf- 
fected by cutouts, in. 

FBEND 2 

23 S(23) Number of existing strin- 
gers on upper 
sector 

FBEND 3 

24 S(24) Number of stringers on 
side sector 

FBEND 3 

25 S(25) Number of existing 
stringers on lower 
sector 

FBEND 3 

26 S(26) Area moment of inertia of 
panel, in.^ 

FBEND 

27 S(27) Area moment of inertia of 
secondary longerons, in.^ 

FBEND 

28 S(28) Area moment of inertia of 
side stringers, in.4 

FBEND 

29 S(29) Area moment of inertia of 
upper cutout longerons, 
in 4 

FBEND 

30 S(30) 
m. 

Area moment of inertia of 
lower cutout longerons, 
in 4 

FBEND 

31 S(31) 
in. 

Area moment of inertia of 
upper longerons or 
stringers, in. 

FBEND 2 

32 S(32) Area moment of inertia of 
lower longerons or 
stringers, in.4 

FBEND 2 
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TABLE 37. T ARRAY VARIABLES PRINi'ED BY SUBROHTNE FUSSHL (COOT) 

Sonrrft 
Variable | Engrg — 1 

j Loc Name | Symbol Description Routine Note 

!  33 S(33) ABI Incremental vertical or 
side bending stiffness 
required, lb-in.2 

FBEND 2. 4 

|  34 S(34) Incremental area of upper 
longerons or stringers, 
in, 2 

FBEND 2, 4 

35 S(35) Incremental area of lower 
longerons or stringers, 
in. 2 

FBEND 2, 4 

\     36 S(36) Z Vertical distance from 
neutral axis to upper 
cutout longeron, in. 

FBEND 2, 5 

1  37 S(37) Z Vertical distance from 
neutral axis to lower 
cutout longeron, in. 

FBEND 2. 5 

i  38 S(38) Aco Area of upper cutout FBEND 6    j 
longeron (intermediate 
calculation), in.2 

39 S(39) 
*(» 

Area of lower cutout FBEND 2,  6 
longeron (intermediate 
calculation), in.2 

i  40 
S(40) V1 Area per unit thickness FBEND 2. 7 

of upper longeron or 
side stringer, in.2/in. 

|  41 S(41) Distance from cover to 
longeron or stringer 
centroid, in. 

FBEND 2, 7 

|  42 S(42) I/t Longeron or stringer 
inertia per unit thick- 

•  4/- ness, in. vin. 

FBEND 7   | 

43 S(43) cs Longeron or stringer FBEND 2, 7 
radius of gyration about 
neutral axis, in. 

44 S(44) 's Initial longeron or FBEND 7    | 
stringer thickness 
estimate, in. 

45 S(45j 's Longeron or stringer FBEN) 
thickness required to 
resist induced compres- 
sion load from shear 
panel, in. 
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TABLE 37. T ARRAY VARIABLES PRINIEU BY SUBROUTINE FUSSHL (CONT) 

Variable Engrg 
Symbol 

Source 

Loc 
v ax XCI>L/J.W 

Name Description Routine Note 

46 S(46) We/Ps)2 Longeron or stringer FBEND 2, 7 
effective area constant 

47 S(47) Intermediate calculation FBEND 7 
48 S(48) Intermediate calculation FBEND 7 
49 S(49) Not used 
50 8(501 1, 2 
51 S(S1) fST allow 

Allowable stringer or 
longeron crippling 
stress, psi 

FBEND 2, 7 

52 S(52) 
^■1" f STMAX 

Ratio of average induced 
longeron or stringer 
stress to maximum stress 

FBEND 2, 7 

53 S(S3) Xa Intermediate calculation FBEND 2, 7 

54 S(54) 
\P 

Intermediate calculation FBEND 2, 7 
and longeron compression 
load due to bending 
moment, lb 

55 S(S5) XC,A Intermediate calculation FBEND 2, 7 
and longeron area 
required for combined 
bending and forced 
crippling, in.2 

56 S(56) h Initial longeron or FBEND 2, 7 
stringer thickness 
estimate, in., or 
longeron compression 
load due to bending 
moment, lb 

57 S(S7) Intermediate calculation 
and longeron area 
required for combined 
bending and forced 
crippling, in.2 

FBEND 2, 7 

58 S(58) Intermediate calculation FBEND 7 
59 S(59) Intermediate calculation FBEND 7 
60 S(60) Intermediate calculation FBEND 7 
61 S(61) Difference between initial 

longeron or stringer 
thickness and iterated 
value, in. 

FBEND 7 
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TABLE 37. T ARRAY VARIABLES PRINl'ED BY SUBROUTINE FUSSHL (CONT) 

Source    1 Variable Engrg 
Symbol 1 Loc Name Description lautine Note ] 

\     62 S(62) y Lateral distance to upper 
cutout longeron, in. 

FBEND 5 

|  63 S(63) y Lateral distance to lower 
cutout longeron, in., or 
upper cutout width, in. 

FBEND 3, 5 

1  64 S(64) Lower cutout width, in. FBEND 3    1 
!  65 S(65) Not used 
1    * • To 
1 loo S(100) Not used 

1 101 
sid) b, d/D Stringer spacing, in., or 

longeron height ratio 
I1LQNG 

1 102 SI (2) Number of stringers or 
longerons 

I1L0NG 

1 103 SI (3) Number of secondary 
longerons or longi- 
tudinal stiffeners 

I1L0NG 

104 SI (4) D Total fuselage depth, in. I1L0NG 
1 105 SI (5) I/t Upper panel vertical 

section inertia per 
unit thickness, in.4/in. 

I1L0NG 

106 SI (6) I/t Lower panel vertical 
section inertia per 
unit thickness, in.4/in. 

I1L0NG 

i lO7 SI (7) I/t Upper panel lateral section 
inertia per unit thick- 
ness, in.Vin. 

I1L0NG 

108 SI (8) I/t Lower panel lateral section 
inertia per unit thick- 
ness, in.4/in. 

I1L0NG 

109 SI (9) I/t Side panel vertical section 
inertia per unit thick- 
ness, in.4/in. 

I1L0NG 

110 SI(10) I/t Side panel lateral section 
inertia per unit thick- 
ness, in.4/in. 

I1L0NG 

111 SI(11) I/A Upper stringers or longe- 
rons vertical section 
inertia per unit area, 
in.4/in.2 

I1L0NG 
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TABLE 37. T ARRAY VARIABLES PRINTED BY SUBROUTINE FUSSHL (CONT) 

VaTi AHI I» Engrg 
Symbol 

Source 

Loc 
v ax xcus.xw 

Name Description Routine Note 

112 SI(12) I/A Lower stringers or longe- 
rons vertical section 
inertia per unit area, 
in.4/in.'2 

IlLONG 

113 SI(13) I/A Upper stringers or longe- 
rons lateral section 
inertia per unit area, 
in.Vin.2 

I1L0NG 

114 81(14) I/A Lower stringers or longe- 
rons lateral section 
inertia per unit area, 
in.Vin.^ 

IlLONG 

115 SI (15) I/A Side stringers vertical 
section inertia per unit 
area, in.4/in.2 

IlLONG 

116 SI(16) I/A Side stringers lateral sec- 
tion inertia per unit 
area, in.Vin.2 

IlLONG 

117 SI (17) I/A Secondary longerons verti- 
cal section inertia per 
unit area, in.Vin.2 

IlLONG 

118 SI (18) I/A Secondary longerons 
lateral section inertia 
per unit area, in.4/in.2 

IlLONG 

119 SI (19) Q/A Primary longerons or 
stringers vertical area 
moment per unit area, 
in.Vin. 2 

IlLONG 

120 SI(20) Q/A Primary longerons or 
stringers lateral area 
moment per unit area, 
in.3/in.2 

IlLONG 

121 S2(l) M Maximum down bending 
moment based on moment 
over longeron compres- 
sion yield stress, in.-lb 

LDCHK 

122 S2(2) M Maximum up bending moment 
based on moment over 
longeron compression 
yield stress, in.-lb 

LDCHK 
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TABLE 37. T ARRAY VARIABLES PRINTED BY SUBROUTINE FUSSHL (CONT) 

Variable Engrg 
Source 

Loc Name Symbol Description Routine Note 

123 S2(3) V Maximum shear based on 
shear over cover ulti- 
mate shear strength, lb 

LDQIK 

124 S2(4) Maximum down force due to 
contents in segnent 
forward of synthesis cut, 
lb 

Maximum up force due to 

LDCHK 

125 S2(5) LDCHK 
contents in segment 
forward or synthesis 
cut, lb 

126 S2(6) Load condition number that 
causes maximum down force 

LDCHK 

127 S2(7) Vehicle center of gravity 
to go with maximum down 
force, in. 

LDCHK 

128 S2(8) Limit to ultimate load 
factor to go with 
maximum down force 

LDCHK 

129 S2(9) Nz Vertical load factor to go LDCHK 
with maximum down force 

130 S2(10) 
• 
Q Pitching acceleration to go 

with maximum down force, 
radians/sec2 

LDCHK 

131 S2(ll) Load condition number that 
causes maximum up force 

LDCHK 

132 S2C12) Vehicle center of gravity 
to go with maximum up 
force, in. 

LDTHK 

133 S2(13) Limit to ultimate load 
factor to go with maxi- 
mum up force 

LDCHK 

134 S2(14) Nz Vertical load factor to go LDCHK 
with maximum up force 

135 S2(15) Q Pitching acceleration to go 
with maximum up force, 
radians/sec2 

LDCHK 

136 S2(16) V Maximum vertical shear 
introduced by wing, lb 

LDCHK 

137 S2(17) V Maximum vertical shear 
introduced by hori- 
zontal tail, lb 

LDCHK 
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TABLE 37. T ARRAY VARIABLES PRINTED BY SUBROUTINE FUSSHL (CONT) 

Source 
Variable 
Name 

Engrg 
Syn.bol Loc Description Routine Note 

138 82(18) M Maximum roll moment 
introduced by vertical 
tail, in.-lb 

LDCHK 

139 S2(19) V Maximum vertical shear 
introduced by nacelle, lb 

LDCHK 

140 S2(20) V Maximum vertical shear 
introduced by store or 
other component, lb 

LDCHK 

141 S3(l) q Shear flow, lb/in. PCOVER 
' 142 S3(2) l-y2 1 minus Poisson's ratio 

squared 
FCOVER 

143 S3 (3) (1-U2).S Square root of 1 minus 
Poisson's ratio squared 

PCOVER 

144 S3 (4) Ks7r2E/b2 Shear resistant thickness PCOVER 
function, lb/in*4 

145 S3(5) Fs Shear stress, psi PCOVER 

146 S3(6) SCR 
Critical buckling shear 

stress, psi 
PCOVER 

147 S3(7) Ks 
bb 

Shear buckling coefficient PCOVER 

148 S3 (8) Shear panel minimum span, 
i n 

PCOVER 

149 S3 (9) b 
lit. 

Shear panel vertical dis- 
tance between supports. 

PCOVER 

150 S3(10) t 
HI. 

Basic flutter thickness,in. PCOVER 

151 S3(ll) t Basic acoustic fatigue 
thickness, in. 

PCOVER 

152 S2(12) t Upper panel land thickness 
for pressure design, in. 

CVPRES 

153 S3(13) t Side panel land thickness 
for pressure design, in. 

CVPRES 

154 S3(14) t Lower panel land thickness 
for pressure design, in. 

CVPRES 

155 S3(15) t Upper panel field thick- 
ness for pressure 
design, in. 

CVPRES 

156 S3(16) t Side panel field thickness 
for pressure design, in. 

CVPRES 
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TABLE 37. T ARKAY VARIABLES PRINl'H) BY SUBROUTINE FUSSHL (CONT) 

Variable 
Name 

Engrg 
Symbol 

Source 

Loc Description Routine Note 

157 S3(17) t Lower panel field thick- 
ness for pressure design, 
• 

CVPRES 

158 S3(18) t 
XJi« 

Basic acoustic fatigue 
field thickness, in. 

FCOVEK 

159 S3(19) t Upper panel thickness for 
flutter design, in. 

FCOVER 

160 S3(20) t Lower panel thickness for 
flutter design, in. 

FCOVER 

161 S4(l) eRG Minor frame depth, in. FUSSHL 
162 S4(2) Minor frame effective MINFK 

area, in.2 

163 S4(3) a Principal diagonal tension 
angle, radians 

MINFR 

164 S4(4) K Degree to which diagonal 
tension is developed 

MINFR 

165 S4(5) f ST MAX 
Maximum forced crippling FBEND 

stress in longitudinal 
members, psi 

166 S4(6) p 
MAX 

Maximum forced crippling FBEND 
load in longitudinal 
members, lb 

167 S4(7) A Area of longitudinal mem- 
ber that resists forced 
crippling, in.2 

FBEND 

168 S4(8) Not used 
To 
Not used 

• 

180 S4(20) 
181 S5(l) Depth of pressurized com- 

partment, in. 
BLKHDS 8 

182 S5(2) Width of pressurized com- 
partment, in. 

BLKHDS 8 

183 S5(3) Limit uniform pressure, psi 8 
184 S5(4) Incremental pressure due to 

hydraulic (fuel) head, 
psi 

BLKHDS 8 

185 S5(5) Limit to ultimate design 
factor 

BLKHDS 8 

186 S5(6) Limit tensile strength for 
bulkhead design, psi 

BLKHDS 8 
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TABLE 37. T ARRAY VARIABLES PRINTED BY SUBRCUTINE FUSSHL (COMCL) 

! Loc 
Variable 
Name 

Engrg 
Symbol Description 

Source 

Routine Note 

I 187 

! 188 

| 189 

i 190 

i 191 

1 192 
\   193 
i         • 

200 

S5(7) 

S5(8) 

S5(9) 

S5(10) 

S5(ll) 

S5(12) 
S5(13) 

• 

S5(20) 

t 

t 

Compression yield stress, 
psi 

Bulkhead material com- 
pression modulus of 
elasticity, psi 

Surface area of bulkhead, 
in. 2 

Equivalent bulkhead thick- 
ness for specified 
pressure loading, in. 

Equivalent bulkhead thick- 
ness that satisfies all 
design loadings, in. 

Fuel density, lb/in.3 

Nor. used 
To 
Not used 

BLKHDS 

BLKHDS 

BLKHDS 

DBLKHD 

BLKHDS 

BLKHDS 

8    | 

8    | 

8 

8 

8    j 

8    { 

j NOTE 1. Random data are printed which could have originated from various | 
'        subroutines.                                      1 

2. Bulkhead design data would be printed when a bulkhead occurs at 
the synthesis cut. This output is shown in Table 38. 

3. Random data or zero would be printed if longeron construction 
structure is evaluated.                              | 

4. Random data or zero would be printed if strength sizing provides \ 
a stiffness greater than input required stiffness. 

5. Random data would be printed if there is no degradation due to 
the proximity of upper or lower cutouts.                   ^ 

6. Random data would be printed if longeron construction is 
evaluated or if there is no degradation due to the proximity of 
upper or lower cutouts on stringer construction structure.      i 

7. Randan data would be printed if critical buckling shear stress, 
location 146, is greater than the side panel shear stress, 
location 145. 

8. Data for the bulkhead at the cut, or if none exist for the last  | 
previous bulkhead, would appear in the printed output. 
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TABLE 38. T ARRAY VARIABLES PRINTED BY SUBROUTINE FUSSHL 
WHEN BULKHEAD EXISTS AT CUT 

Source 

1 Loc 
Variable 
Name 

Engrg 
Symbol Description Routine | Note 

|  1 S(l) d First bulkhead stiffener 
spacing, in. 

DBLXHD 

i  2 S(2) Peripheral edge length of 
bulkhead, in. 

BLKHDS 

|   3 S(3) d Third bulkhead stiffener 
spacing, in. 

DBLKHD 

!   4 S(4) d Optimum bulkhead stiff- 
ener spacing, in. 

DBLKHD 

i   5 S(5) t Equivalent bulkhead thick- 
ness at first spacing, in. 

DBLKHD 

i   6 S(6) t Equivalent bulkhead thick- 
ness at second spacing. 

DBLKHD 

1   7 
8(7) t 

111. 

Equivalent bulkhead thick- 
ness at third spacing, 
1 Tl 

DBLKHD 

8 S(8) t 
1J1. 

Equivalent bulkhead thick- 
ness at optimtm stiff- 
ener spacing, in. 

DBLKHD 

1   9 
S(9) 1 

10 S(10) Intermediate calculation MINIUM 

i n 
S(ll) Intermediate calculation MI>MJM 

12 3(12) Intermediate calculation MINMLM 
|  13 S(13) Intermediate calculation MINMUM 
|  14 S(14) Intermediate calculation MINMUM 
1  15 3(15) Intermediate calculation MIWUM 

16 3(16) Intermediate calculation MINMUM 

1  17 
3(17) Intermediate calculation MINMUM 

|  18 3(18) Intermediate calculation MIWUM 

!   19 3(19) a Constant in thickness - 
spacing equation 

MINUM 

'  20 5(20) b Constant in thickness - 
spacing equation 

MINMUM 

i  21 3(21) c Constant in thickness - 
spacing equation 

MIIMJM 

22 S(22) Bulkhead stiffener spacing 
at which slope of the 
curve is zero (optrnum), 
in. 

MINMUM 
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TABLE 38. T ARRAY VARIABLES PRINTED BY SUBROUTINE FUSSHL 
WHEN BULKHEAD EXISTS AT CUT (CONT) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Source 

Routine Note 

23 S(23) 1 
• 

30 
• 

S(30) 1 
31 8(31) 'j Ultimate uniform pressure, 

psi 
DBLKHD 

32 S(32) pi Ultimate pressure from 
hydraulic head, psi 

DBLKHD 

33 S(33) Intermediate calculation DBLKHD 
34 5(34) Intermediate calculation DBLKHD 2 
35 5(35) Intermediate calculation DBLKHD 
36 5(36) M 

max 
Maximum bulkhead bending 

moment, in.-lb/in. 
DBLKHD 

37 5(37) L Shortest beaming distance 
between edges of bulk- 
head, in. 

DBLKHD 

38 5(38) 1 
39 5(39) P Maximum ultimate pressure, 

psi 
DBLKHD 

40 5(40) «W Bulkhead web field thick- 
ness, in. 

DBLKHD 

41 5(41) Intermediate calculation DBLKHD 
42 5(42) 1 
43 5(43) Intermediate calculation DBLKHD 
44 5(44) 1 
45 5(45) Intermediate calculation DBLKHD 
46 5(46) 

». 
Equivalent stiffener thick- 

ness, in. 
DBLKHD 

47 S(47) 1 
48 5(48) 1 
49 5(49) 1 
50 5(50) P Maximum limit pressure, 

psi 
DBLKHD 

51 5(51) h Bulkhead web land thick- DBLKHD 
ness for strength, in. 

52 5(52) Intermediate calculation DBLKHD 
53 5(53) S, Bulkhead web field thick- 

ness, in. 
DBLKHD 

54 S(54) 
». 

Bulkhead stiffener web 
thickness, in. 

DBLKHD 
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TABLE 38. T ARRAY VARIABLES PRIKTED BY SUBKOUTINE FUSSHL 
WHEN BULKHEAD EXISTS AT CUr (CONCL) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Source 

Routine Note 

55 

56 

57 
58 
• 
64 
65 
• 

100 
101 

• 
200 

S(55) 

S(56) 

5(57) 
S(58) 

8(64) 
S(65) 

S(100J 
sid) 

S5(20) 

H Bulkhead stiffener flange 
width, in. 

Stiffener cap thickness 
less bulkhead land 
thickness, in. 

Intermediate calculation 

Not used 
To 
Not used 

DBLKHD 

DBLKHD 

DBLKHD 

NOTE 1. Refer to Table 37 for discussion of variables. 

2. Random data would be printed if the bulkhead loading is a 
uniform pressure. 

3. Random data would be printed if the stiffener cap thickness is 
less than, or equal to, the bulkhead web land thickness. 

387 



SUBROUTINE CUTOUT 

General Description 

Deck name: CUTOUT 
Entry name: CUTOUT 
CaUed by: FUSSHL 
Subroutines called: None 

This subroutine examines the upper and lower panels to determine the 
effects of cutouts. This routine evaluates both the condition where a cutout 
exists at a synthesis cut and the condition where there is apparent degradation 
in panel effectiveness due to the proximity of cutouts. A shear lag angle with 
a 2-to-l slope is used to approximate the effect of cutouts occurring either 
forward or aft of a given synthesis cut. 

Arrays and Variables Used 

BL Refer to Table 10 
BU Refer to Table 10 
CTOL Refer to Table 10 
CTOU Refer to Table 10 
D Refer to Tables 10 and 12 
DELX Refer to Table 10 
NC Refer to Table 10 

Arrays and Variables Calculated 

RTL Refer to Table 10 
RTU Refer to TaLlt 10 
S(l) Apparent upper panel degradation at previous cut, in. 
5(2) Apparent lower panel degradation at previous cut, in. 
S(3) Cutout at subsequent cut(s), in. 
S(4) Apparent degradation due to cutout at subsequent cnt(s), in. 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 
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lirror Messages 

None 

SUBROUTINE LDCHK 

General Description 

Deck name: LDCUK 
Entry name: LDC1IK 
Called by: FUSSHL 
Subroutines called: None 

Tliis subroutine scans through all the vehicle load conditions for the 
critical design loads at the specific shell cut (I). Design bending moments 
and shear, maximum external surface and component loads, and the conditions 
which produce the maximum up-and-down inertia forces are determined within 
this routine. 

The critical design load search consists of reading the load data (56 
array) and the corresponding material property data (IMS array) from the 
mass storage files. The critical loads are determined as a function of the 
appropriate load strength index. Design up-and-down bending moment is deter- 
mined by searching for the maximum ratio of moment over longeron (stringer) 
compression yield strength. Design shear is determined by the maximum ratio 
of the absolute value of shear over cover ultimate shear strength. The load 
condition numbers (LCN) which produce the critical loads at the cut are stored 
in the II, 12, and 13 arrays for final output print. 

This routine determines the maximum external surface and component loads 
which are used by subroutine MISCWT to calculate the weight of support fittings. 
The maximum loads consist of the maximum shears from the wing, horizontal tail, 
and other items that may be supported externally, and the maximum bending 
moment from the vertical tail. 

The routine also searches for the design conditions which produce the 
maximum up-and-down forces due to the contents. These maximum forces are 
indicative of the local load factor and weight of contents. Should fuel exist 
at the cut, the conditions that produce the maximum forces would also cause the 
maximum internal pressure due to the hydraulic head. Subroutines CVPRES and 
BLKllDS use the load factor, pitching acceleration, and vehicle center of 
gravity for these conditions. 
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Arrays and Variables Used 

D Refer to Tables 10 and 12 
NOC Refer to Table 10 
S6 Refer to Tables 10 and 23 
BIS Refer to Tables 10 and 26 

Arrays and Variables Calculated 

FMP Refer to Tables 10 and 15 
11 Refer to Table 10 
12 Refer to Table 10 
13 Refer to Table 10 
S(l) Intermediate calculations for M/Fcy and V/Fsu 

To 
5(7) Intermediate calculations for M/Fcy and V/Fsu 
S(8) Maximum wing reaction (absolute value), lb 
S(9) Maximum horizontal tail reaction (absolute value), lb 
S(10) Maximum moment at side of vertical tail attach frame 

(absolute value), in.-lb 
S(ll) Maximum nacelle reaction (absolute value), lb 
S(12) Maximum reaction from other stores (absolute value), lb 
S2 Critical design loads data (refer to Table 36) 

Labeled Common Arrays 

None 

Mass Storage File Records 

Read by Subroutine 
Records 61-84, 85-108 

Written by Subroutine 
None 

Error Messages 

None 
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SlIBRDWINE GJ1GE0 

General Description 

Deck name: GJ1GE0 
Entry name: GJ1GE0 
Called by: FUSSHL 
Subroutines called: None 

This subroutine calculates the section geometry which provides torsional 
capability for rounded rectangle shell shapes. The presence of upper or lower 
cutouts and decks or shrouds determines the effective torque cell immediately 
forward and aft of each synthesis cut. Should a torsional stiffness require- 
ment be specified, pane^ thickness is calculated to provide the required 
stiffness. The geometry- calculated in this routine is also used to define the 
bulkhead surface area and peripheral length. 

The basic assumption in the geometry calculations is that torsional 
capability is provided by a single torque cell. Differential bending as a 
means of providing this rigidity is not within the current scope of this 
routine. Therefore, certain geometric cutout and deck combinations cannot be 
evaluated by this routine. These arrangements and the program deviations are 
tabulated as follows: 

1. Should decks exist without any cutouts, the total shell section 
defines the torque cell. 

m 

2. Should cutouts exist without any decks, the total shell section 
defines the torque cell. 

3. Should both upper and lower panel cutouts exist in the presence of a 
deck, the section above the deck is used in the determination of 
the torque cell. 

Arrays and Variables Used 

BMN Refer to Table 10 
CIND Refer to Tables 10 and 11 
CTOL Refer to Table 10 
crou Refer to Table 10 
D Refer to Tables 10 and 12 
DKHT Refer to Table 10 
D00 Refer to Table 10 
FD Refer to Table 10 
FMP Refer to Tables 10 and 15 
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GJRD 
NC 
RAD 
RO 
S4 
WO 

Refer to 
Refer to 
Refer to 
Refer to 
Refer to 
Refer to 

Table 
Table 
Table 
Table 
Table 
Table 

10 
10 
10 
10 
36 
10 

Arrays and Variables Calculated 

ACRS Refer to Table 10 
ANTA Refer to Table 10 
ANTF Refer to Table 10 
DEPA Refer to Table 10 
DEPF Refer to Table 10 
DKHT Refer to Table 10 
PERA Refer to Table 10 
PERF Refer to Table 10 
PRDA Refer to Table 10 
PROP Refer to Table 10 
S Intermediate calculations and as follows: 
SC10) Fuselage width at cut, in. 
S(ll) Fuselage depth at cut, in. 
5(12) Fuselage perimeter at cut, in.      ~ 
S(13) Fuselage cross-section area at cut, in. 
S(14) Cover shear modulus at critical shear condition, psi 
5(15) Deck height to total fuselage depth ratio 
5(16) Shroud radius, in., 
5(17) Distance from mold line to deck (enclosed), in. 
5(20) Deck or shroud peripheral length, in.       , 
5(24) Enclosed cross-section area of torque cell, in. 
5(25) Cover peripheral length effective in torsion, in. 
5(26) Cover thickness required to satisfy torsional rigidity, in. 
5(41) Maximum vertical dimension of torque cell, in. 
TGJA Refer to Table 10 
TGJF Refer to Table 10 
WIDA Refer to Table 10 
WIDE Refer to Table 10 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 
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Error Messages 

• ***ERROR MESSAGE*** 
CHECK INPUT DATA SET SECTION XXX DECK HEIGHT ERROR 

The foregoing message is printed when the input deck height to total 
fuselage depth ratio is greater than 1.0. The routine revises the depth ratio 
to zero at cut XXX. The input data should be corrected if this default action 
is not acceptable. 

• ***WARN1NG MESSAGE*** 
SECTION XXX SHROUD DATA CUTOUT - FRAME DEPTH IS LESS TOAN NOTED 

The foregoing message is printed when the shroud and deck geometry results 
in a frame depth less than that indicated by the input data. The routine 
proceeds with the geometry calculations as if no difficulties exist. In most 
instances, no user corrective measure is necessary. 

• ***EKROR MESSAGE*** 
QECK INPUT DATA SET SECTION XXX DECK HEIGHT OR RADIUS ERROR 

The foregoing message is printed when the combination of deck height, 
shroud radius, and the number of shrouds does not fall within the confines of 
the section. The default action is to use the total shell cross section to 
define the torque cell. 

SUBROUTINE GJ2GE0 

General Description 

Deck name: GJ2GE0 
Entry name: GJ2GE0 
Called by: FÜSSHL 
Subroutines called: None 

This subroutine is currently a dumny routine that would be written to 
evaluate the torsional section for elliptical shape fuselages. 

SUBROUTINE LONGS 

General Description 

Deck name: LONGS 
Entry name: LONGS 
Called by: FUSSHL 
Subroutines called: I1L0NG, I2LONG, FPANEL 
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This subroutine establishes the basic design controls for longeron or 
stringer construction at the synthesis cuts. 

For longeron construction fuselages, the routine locates the primary 
longerons. The longeron position data are either defined at the local cuts 
or by a general position data. Should local data be defined, they take 
precedence over the general position data. The input data, if defined in 
terms of angular position, are converted to a depth ratio. 

Stringer construction may be either for fixed spacing or for an optimum 
spacing search. For either condition, the operation is limited to a minimum 
of four stringers. The stringer spacing search starts at a predefined mini- 
mum spacing. Subroutines I1L0NG, I2L0NG, and FPANEL are called to calculate 
the cover, minor frame, and stringer sizing at that spacing. The stringer 
spacing is progessively increased at fixed spacing increments until shell 
weight increases with increased spacing. A final synthesis pass is made at 
the spacing prior to the spacing which produced an increase in shell weight. 
The counter ISTG is used to direct the search process as follows: 

ISTG ■ 1 Initial spacing pass 
ISTG ■ 2 Second or subsequent spacing pass 
ISTG ■ 3 Final stringer spacing pass or longeron construction 

Arrays and Variables Used 

CIND Refer to Tables 10 and 11 
D Refer to Tables 10 and 12 
D00 Refer to Table 10 
HTLG Refer to Table 10 
IGST Refer to Table 10 
KG Refer to Table 10 
PER Refer to Table 10 
RD Refer to Table 10 
TOT Refer to Tables 10 and 27 

Arrays and Variables Calculated 

BSTR Refer to Table 10 
CIND Refer to Tables 10 and 11 
HTLG Refer to Table 10 
ISTG Refer to Table 10 
S(l) Longeron location as a fraction of fuselage depth or angular 

position, radians 
STNO Refer to Table 10 
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Sl(l)       Stringer spacing, in., or longeron location as a fraction of 
fuselage depth 

SI (2)       Number of stringers or primary longerons 
31(3)       Number of secondary longerons 
TOT Refer to Tables 10 and 27 

Labeled Common Arrays 

None 
• 

Mass Storage File Records 

None 

lirror Messages 

• ***LONGERON DEPTH ERROR*** 
PROGRAM OVERRIDE ALPHA - PI/4 

The foregoing message is printed when both the local and general longeron 
position data are not input. The angular location of 45 degrees is assumed 
and placed in the general position data location (CIND(13)). If this program 
default operation is acceptable, no corrective action is required. 

• ***LONGERDN DEPTH ERROR*** 
PROGRAM OVERRIDE HEIGHT RATIO 0.9 

The foregoing message is printed when eithei the local or general longeron 
position data are a positive value greater than 1.0. This default operation 
places the longerons at 90 percent of the fuselage depth. 

SUBROUTINE I1LONG 

General Description 

Deck name: I1L0NG 
Entry name: I1LONG 
Called by: LONGS 
Subroutines called: None 
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This subroutine calculates the longeron or stringer moment of inertia 
per unit area and the cover area moment of inertia per unit thickness for 
rounded rectangle shell shapes. The routine also calculates the vertical 
and lateral area moment per unit area of the primary bending elements. All 
of the calculations are made about the gecmetric neutral axis. 

The vertical and lateral area moment of inertia per unit thickness is 
calculated for the upper, side, and lower sector cover panels without any 
cutout considerations. 

For longeron construction, the lateral locations of the primary longerons 
are determined from their vertical position and the shell mold line shape. 
Should the combination of shell shape and vertical position result in an 
insufficient definition, the longerons are located at the furthest outboard 
position consistent with the other parameters. Secondary longitudinal members 
are located at half the vertical and lateral locations of the primary longerons. 
The vertical and lateral area moments per unit area are only calculated for 
the primary longerons. 

For stringer construction, the stringers are positioned at equal spacings, 
with the first stringer located a half spacing from the top centerline. 
Separate area moment of inertia per unit area calculations are made for the 
stringers on the upper, side, and lower sectors. Vertical and lateral area 
moments per unit area are calculated for the total number of stringers without 
any consideration for the fact that the areas might differ in the different 
sectors. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
DOO Refer to Table 10 
ICST Refer to Table 10 
RD Refer to Table 10 
WO Refer to Table 10 

Arrays and Variables Calculated 

S 
SI 

Intermediate calculations 
Area moment of inertia and are moments (refer to Table 36) 

Labeled Common Arrays 

None 
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Mass Storage File Records 

None 

Error Messages 

None 

SUBROWINI: I2LONG 

General Description 

Deck name:  I2L0NG 
lintry name: 12LONG 
Called by: LONGS 
Subroutines called: None 

This subroutine is currently a duniny routine that would be written to 
calculate the section inertias for elliptical shape fuselages. 

SUBROUTINE FPANEL 

General Description 

Deck Jiame: FPANEL 
Entry name: FPANEL 
Called by: LONGS 
Subroutines called: FCOVER, FHCMB, MINFR, FBEND 

This subroutine establishes the basic design controls for the frame spacing 
search procedure. This search loop is nested within the stringer spacing 
search loop. 

The frame spacing is either defined at the local cuts or as general frame 
spacing data. Should local data be defined, they take precedence over the 
general frame spacing data. The type of operation is defined by the spacing 
data. If a thousand has been added to the frame spacing, a fixed spacing is 
indicated. Should frame spacing search be indicated by an input minimum, the 
search for optimum spacing starts at that value. The frame spacing is 
progressively increased at fixed spacing increments until shell weight increases 
with increased spacing. A final synthesis pass is made at the spacing prior 
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to the spacing which produced an increase in shell weight. The counter IFRM 
is used to direct the search process as follows: 

IFRM ■ 1 Initial spacing pass 
2 Second or subsequent spacing pass 
3 Final spacing or fixed spacing pass 

Should the initial spacing or any intermediate spacing exceed the predefined 
maximum, the search is abbreviated at the maximum spacing. The maximum frame 
spacing is input as a fraction of the equivalent shell diameter. 

Arrays and Variables Used 

CIND Refer to Tables 10 and 11 
D Refer to Tables 10 and 12 
FRML Refer to Table 10 
ICST Refer to Table 10 
PER Refer to Table 10 
TOT Refer to Tables 10 and 27 

Arrays and Variables Calculated 

CIND Refer to Tables 10 and 11 
IFRM Refer to Table 10 
8(1) Maximum allowable frame spacing, in. 
SFRM Refer to Table 10 
TOT Refer to Tables 10 and 27 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messagps 

• ***FRAME SPACING DEFINITION ERROR*** 
GENERAL FRAME SPACING HAS BEEN SET AT 6 INCHES 

398 



■ 

______: — .    • — 1 . —  

The foregoing message is printed when both the local and general frame 
spacing data are not defined. A frame spacing search starting at 6 inches is 
the default directive placed in the general spacing data location (CIND(17)). 

SUBROiniNE FHCMB 

General Description 

Deck name: FIlCMb 
lintry name: FHCMB 
Called by: FPANEL 
Subroutines called: None 

This subroutine is currently a dummy routine that would be written to 
synthesize honeycomb panel construction fuselages. 

SUBROUTINE FCOVI-R 

General Description 

Deck name: FCOVER 
Entry name: FCOVER 
Called by: FPANEL 
Subroutines called: CVPRES 

This subroutine calculates cover thickness required to satisfy the dif- 
ferent design requirements for either milled or constant-thickness cor. struct ion. 
The process consists of a systematic evaluation which starts at minimum gage, 
and investigates each criteria in search of the critical design requirement. 
The upper, side, and lower sector cover panel thicknesses are determined 
separately. 

The side panel is established by tests on shear strength, pressure design, 
local panel flutter, and acoustic fatigue requirements. The upper and lower 
panel tests consist of pressure design, local panel flutter, and acoustic 
fatigue requirements. Subroutine CVPRES is called to determine the cover 
thicknesses that satisfy the pressure strength requirements. 

Arrays and Variables Used 

ACOU   Refer to Table 10 
BL     Refer to Table 10 
BS     Refer to Table 10 
BSTR   Refer to Table 10 
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BU Refer to Table 10 
CIND Refer to Tables 10 and 11 
D Refer to Tables 10 and 12 
EQUA Refer to Tables 10 and 13 
FMP Refer to Tables 10 and 15 
IGST Refer to Tables 10 
PRES Refer to Table 10 
RCL Refer to Table 10 
RCS Refer to Table 10 
RCU Refer to Table 10 
RH0F Refer to Table 10 
SFRM Refer to Table 10 
51 Refer to Table 36 
52 Refer to Table 36 
53 Refer to Table 36 

Arrays and Variables Calculated 

IMIL Refer to Table 10 
S Intermediate Calculations 
S3 Refer to Table 36 
S5(l) Upper panel land thickness required for acoustic fatigue, in. 
S5(2) Upper panel field thickness required for acoustic fatigue, in. 
S5(3) Side panel land thickness required for acoustic fatigue, in. 
S5(4) Side panel field thickness required for acoustic fatigue, in. 
S5(5) Lower panel land thickness required for acoustic fatigue, in. 
S5(6) Lower panel field thickness required for acoustic fatigue, in. 
TCP Refer to Table 10 
TCL Refer to Table 10 
TCS Refer to Table 10 
TCU Refer to Table 10 
TLL Refer to Table 10 
TLS Refer to Table 10 
TLU Refer to Table 10 
TOT Refer to Table 10 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 
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Error Messages 

None 

SUBRDWINE CVPRES 

General Deso i;:tion 

Deck name: CVPRES 
Entry name: G/PRES 
Called by: FCOVER 
Subroutines called: None 

This subroutine calculates the cover thicknesses required to react the 
design pressures. The routine evaluates either milled or constant-thickness 
cover panels. For milled panel designs, the land thickness to field thickness 
ratio is not allowed to exceed 2.5. The upper, side, and lower panel thick- 
nesses are established by the local geometry and design pressures. The 
internal deck arrangements determine the cover sectors which are affected by 
pressure. The routine examines both the combined bending and diaphragm action 
mode and the hoop tension mode for reacting the pressure. The routine then 
selects the least energy path (minimum thickness) as the primary design mode. 
Should the panel radius of curvature be zero, indicating a flat panel, only 
the bending diaphragm path is investigated. 

Negative pressure data (PRES) designate a human environment; in which 
case, the shell sectors above any deck are pressurized. A limit to ultimate 
factor of safety of 2.0 is used for this condition. Cover strength and 
allowable stress for fatigue are checked to determine the design stress level. 

A positive pressure without any fuel data (RHOP) designates a pressurized 
compartment. This condition is evaluated in the same manner as for manned 
compartments, except for the use of 1.5 for a limit to ultimate factor of 
safety. 

Fuel pressure may occur with or without vent pressure. A negative fuel 
density (RIIOF) designates the location of fuel below the deck and, conversely, 
a positive value designates fuel above the deck. The maximum positive and 
negative load factors at the synthesis cut, fuel density, tank height, and vent 
pressure are used to calculate the design pressures for the different sectors 
of the shell. The limit to ultimate factor of safety for the specific design 
condition is used. Material strength is used to calculate the required 
thicknesses. Fatigue allowable due to fuel pressure is not within the current 
capabilities. 
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Arrays and Variables Used 

D Refer to Tablos 10 and 12 
DKHT Refer to Table 10 
EQUA Refer to Tables 10 and 13 
FMP Refer to Tables 10 and IS 
IMIL Refer to Table 10 
PRES Refer to Table 10 
RCL Refer to Table 10 
RCS Refer to Table 10 
RCU Refer to Table 10 
RH0F Refer to Table 10 
51 Refer to Table 36 
52 Refer to Table 36 
53 Refer to Table 36 
XD Refer to Table 10 

Arrays and Variables Calculated 

S(2) Limit to ultimate factor of safety 
S(3) Upper panel limit allowable stress, psi 
S(4) Side panel limit allowable stress, psi 
S(5) Lower panel limit allowable stress, psi 
S(6) Maximum positive limit load factor 
S(7) Maximum negative limit load factor 
S(8) Fuel tank depth, in. 
SC9) Panel land thickness to field thickness ratio 
S(ll) Limit design pressure for upper panel, psi 
SC12] Limit design pressure for side panel, psi 
S(13) Limit design pressure for lower panel, psi 
S(14) Upper panel thickness to react pressure in hoop stress, in. 
S(15) Side panel thickness to react pressure in hoop stress, in. 
S(16) Lower panel thickness to react pressure in hoop stress, in. 
52 Refer to Table 36 
53 Refer to Table 36 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 
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Error Messages 

None 

SUBROUTINE MINFR 

General Description 

Deck name: MINFR 
Entry name: MINFR 
Called by: FPANEL 
Subroutines called: None 

This subroutine calculates the minor frame sizing to satisfy general shell 
stability, acoustic fatigue, and local forced crippling. The upper and lower 
frame sectors are sized for general shell stability and acoustic fatigue. The 
side sector of the frame is sized to satisfy all three requirements. 

A total of 200 variables from the T array are printed by Subroutine MINFR. 
These are defined in Table ?9. 

Arrays and Variables Used 

ACOU Refer to Table 10 
BL Refer to Table 10 
BS Refer to Table 10 
BU Refer to Table 10 
D Refer to Tables 10 and 12 
EQUA Refer to Tables 10 and 13 
FD Refer to Table 10 
FMP Refer to Tables 10 and 15 
ICST Refer to Table 10 
1MIL Refer to Table 10 
IP Print control (refer to "Labeled Conmon Arrays") 
PER Refer to Table 10 
RCL Refer to Table 10 
RCS Refer to Table 10 
RCU Refer to Table 10 
SFRM Refer to Table 10 
SI Refer to Table 36 
S2 Refer to Table 36 
S3 Refer to Table 36 
T Refer to Table 39 
TCS Refer to Tab!e 10 
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TABLE 39. T ARRAY VARIABLES PRINTED BY SUBROUTINE MINFR 

Variable Engrg 
Symbol 

Source 

Loc Name Description Routine Note 

1 S(l) Intermediate calculation 
or zero 

1 

2 S(2) V^ Frame section area per unit MINFR 
frame cap thickness. 
in.2/in. 

3 S(3) l\ 
Frame inertia per unit MINFR 

frame cap thickness, 
in.4/in. 

4 S(4) As First approximation of MINFR 
longeron or side 
stringer area, in.2 

5 S(5) CR Frame radius of gyration MINFR 
about frame neutral axis,ia 

6 S(6) l*(e/pR)2 Effective frame area MINFR 
constant 

7 S(7) 
«R Frame side sector cap MINFR 

thickness, in. 
8 S(8) Maximum longitudinal 

bending moment, in.-lh, 
or frame thickness to 
prevent acoustic 
fatigue, in. 

MINFR 2 

9 S(9) h Side panel shear stress, 
psi 

MINFR 

10 S(10) {SCR 
Side panel critical MINFR 
buckling shear stress. 
psi 

11 S(ll) K Degree to which diagonal 
tension is developed 

MINFR 3 

12 S(12) .5(1-10 Intermediate calculation MINFR 3 
13 S(13) fSI/C0TO Stringer or longeron MINFR 3 

stress divided by cotan- 
gent of diagonal tension 
angle, psi ■ 

14 S(14) a Diagonal tension angle, 
radians 

MINFR 3 

15 S(15) fRG/fRGMAX 
Ratio of average induced 

frame stress Co maxi- 
mum stress 

MINFR 3 
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TABLE 59. T ARRAY VARIABLES PRIOTED BY SUBROUTINE MINFR (CQKT) 

Variable Engrg 
Source    | 

Loc Name Symbol Description      j Routine Note 

16 S(16) £RGALLÖW 
Allowable ring crippling 

stress, psi         1 
MINFR 5    j 

17 S(17) fST Stringer or longeron 
stress, psi 

MINFR 3 

18 S(18) db /20. 
oa 

Acoustic pressure divided 
by 20.,db/20.         i 

MINFR 2    | 

S(18) fRG Frame stress, psi MINFR 5    i 
19 S(19) Acoustic pressure, psi MINFR 2 

S(19) £s Stringer or longeron 
strain, in./in. 

MINFR 5    i 

20 S(20) Intermediate calculation MINFR 2    1 
S(20) eR , 

sin 2a 
Frame strain, in./in. MINFR 5 

21 S(21) Intermediate calculation MINFR 5 
22 S(22) ec Cover strain, in./in. MINFR 3 

23 S(25) Intermediate calculation MINFR 3    1 
24 S(24) tana Tangent of diagonal ten- 

sion angle 
MINFR 3 

25 S(25) X 
a 

Intermediate calculation MINFR 3    j 

26 S(26) 
\ 

Intermediate calculation MINFR 3   | 

27 S(27) X 
C      i 

Intermediate calculation MINFR 3    j 

28 S(28) 
tR 

Initial frame cap thick- MINFR 3    1 
ness estimate, in. 

29 S(29} Intermediate calculation MINFR 3    1 
50 S(50) Intermediate calculation MINFR 3    1 
51 S(51) Intermediate calculation MINFR 5    j 
52 S(52) Intermediate calculation MINFR 3   | 
55 S(33) Difference between initial 

frame cap thickness and 
iterated value, in. 

MINFR 3    j 

34 S(54) Used in routines other than 
MINFR and is not relevant 

1    | 

to the minor frame 
59 S(39) evaluation 1    | 
40 S(40) Frame upper sector cap 

thickness, in. 
MINFR 

41 S(41) Frame lower sector cap 
thickness, in. 

MINFR 

42 S(42) 1    1 
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TABLIi 3< ). T ARRAY VARIABLES PRINTED BY SUBRCWINE MINFR CCONT) 

VflTI JlHI A Engrg 
Symbol 

Source 

Loc 
V CIA XdUXW 

Name Description Routine Note 

43 S(43) L2/(tLR) Curvature correction term MINFR 2 
for acoustic fatigue 

44 S(44) VV Frame upper sector curva- MINFR 2 
ture correction factor 
for acoustics 

45 S(45) V^ Frame side sector curva- MINFR 2 
ture correction factor 
for acoustics 

46 S(46) V^ Frame lower sector curva- MINFR 2 
ture correction factor 
for acoustics 

47 S(47) Intermediate calculation MINFR 3 
48 S(48) Intermediate calculation MINFR 3 
49 S(49) Used in routines other 

MINFR and are not rele- 
1 

vant to the minor 
64 S(64) frame evaluation 1 
65 S(65) Not used 

• • To 
100 S(100) Not used 
101 si(i) b.d/D Stringer spacing, in., or 

longeron height ratio 
I1LQNG 

102 SI (2) Nurber of stringers or 
longerons 

11LONG 

103 SI (3) Number of secondary 
longerons or longitudinal 
stiffeners 

I1L0NG 

104 SI (4) D Total fuselage depth, in. I1LQNG 
105 SI (5) I/t Upper panel vertical sec- 

tion inertia per unit 
thickness, in. /in. 

IlTflNG 

106 SI (6) I/t Lower panel vertical sec- 
tion inertia per unit 
thickness, in.Vin. 

I1LONG 

107 SI (7) I/t Upper panel lateral sec- 
tion inertia per unit 
thickness, in.Vin. 

I1LCNG 

108 SI (8) I/t Lower panel lateral sec- 
tion inertia per unit 
thickness, in.4/in. 

I1L0NG 
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TABLE 39 . T ARRAY VARIABLES PRINTED BY SUBROUTINE MINER (CON!) 

Source 
VaT"i aHl P Engrg 

Symbol Loc Name Description Routine Note 

109 SI (9) I/t Side panel vertical sec- 
tion inertia per unit 
thickness, in. /in. 

I1LQNG i 

110 SI(10) I/t Side panel lateral sec- 
tion inertia per unit 
thickness, in.Vin. 

I1LONG 

111 si(11) I/A Upper stringers or longe- 
rons vertical section 
inertia per unit area, 
in.4/in. 

I1LONG 

112 SI (12) I/A Lower stringers or longe- 
rons vertical section 
inertia per unit area, 
in.Vin. 2 

I1LONG 

113 SI (13) I/A Upper stringers or longe- 
rons lateral section 
inertia per unit area, 
in.Vin. 2 

I1LQNG 

114 SI (14) I/A Lower stringers or longe- 
rons lateral section 
inertia per unit area, 
in.Vin.^ 

I1LONG 

115 SI(15) I/A Side stringers vertical 
section inertia per unit 
area, in.Vin.2 

I1LQNG 

116 SI(16) I/A Side stringers lateral 
section inertia per unit 
area, in.4/in.2 

I1LONG 

117 SI(17) I/A Secondary longerons verti- 
cal section inertia per 
unit area, in.Vin.2 

I1LONG 

118 SI(18) I/A Secondary longerons 
lateral section inertia 
per unit area, in.Vin.2 

IlLONG 

119 SI(19) Q/A Primary longerons or 
stringers vertical area 
moment per unit area, 
in.3/in.2 

I1LONG 
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TABLE 39.    T ARRAY VARIABLES PRINTED BY SUBROUTINE MINFR (CQNT) 

VflTl flhl A Engrg 
Symbol 

Source 

Loc Name Description Routine Note 

120 SI(20) Q/A Primary longerons or string- IlIflNT, 
ers lateral area moment 
per unit area, in.3/in.2 

121 S2(l) M Maximum down bending moment 
based on moment over 
longeron compression 
yield stress, in.-lb 

LDCHK 

122 S2(2) M Maximum up bending moment 
based on moment over 
longeron compression 
yield stress, in.-lb 

LDCHK 

123 S2(3) V Maximum shear based on 
shear over cover ultimate 
shear strength, lb 

LDCHK 

124 82(4) Maximum down force due to 
contents in segment 
forward of synthesis 
cut, lb 

LDCHK 

125 S2(5) Maximum up force due to 
contents in segment 
forward of synthesis 
cut, lb 

LDCHK 

126 S2(6) Load condition number that 
causes maximum down force 

LDCHK 

t 

127 S2(7) Vehicle center of gravity 
to go with maximum down 
force, in. 

LDCHK 

128 S2(8) Limit to ultimate load 
factor to go with maxi- 
mum down force 

LDCHK 

129 S2(9) Nz 
• 

Vertical load factor to go LDCHK 
with maximum down force 

130 S2(10) Q Pitching acceleration to 
go with maximum down 
force, radians/sec2 

LDCHK 

131 S2(ll) Load condition number that 
causes maximum up force 

LDCHK 

132 S2(12) Vehicle center of gravity 
to go with maximum up 
force, in. 

LDCHK 
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TABLE 39. T ARRAY VARIABLES PRINTED BY SUBROUTINE MINFR (CONT) 

Variable 
Name 

Engrg 
Symbol 

Source 

Loc Description Routine  Note 

133 S2(13) Limit to ultimate load 
factor to go with max- 
imum up force 

LDCHK 

134 S2(14) Nz Vertical load factor to 
go with maximum up force 

LDCHK 

135 S2(15) Q Pitching acceleration to 
to with maximum up force, 
radians/sec2 

LDCHK 

136 S2C16) V Maximum vertical shear 
introduced by wing, lb 

LDCHK 

137 S2C17) V Maximum vertical shear 
introduced by horizontal 
tail, lb 

LDCHK 

138 S2(18) M Maximum roll moment intro- 
duced by vertical tail, 
in.-lb 

LDCHK 

139 S2(19) V Maximum vertical shear 
introduced by nacelle, 
lb 

Maximum vertical shear 

LDCHK 

140 S2(20) V LDCHK 
introduced by store or 
other component, lb 

141 S3(l) w Shear flow, lb/in. FCÖVER 
142 S3 (2) 1 minus Poisson's ratio FCOVER 

2  5 
squared 

143 S3 (3) 

KgirVb2 

Square root of 1 minus 
Poisson's ration squared 

FCOVER 

144 S3 (4) Shear resistant thickness 
function, lb/in. 

FCÖVER 

145 S3 (5) 

SCR 

Shear stress, psi FCOVER 
146 S3 (6) Critical buckling shear FCOVER 

<J^JI\ 

stress, psi 
147 S3 (7) h Shear buckling coefficient FCOVER 
148 S3 (8) hb 

Shear panel minimum span. FCOVER 

149 S3 (9) b 
in. 

Shear panel vertical 
distance between 
supports, in. 

FCOVER 

150 S3(10) t Basic flutter thickness, 
1 ry 

FCOVER 

151 S3(11) t 
in. 

Basic acoustic fatigue 
thickness, in. 

FCOVER 
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TABLE 39. T ARRAY VARIABLES PRINTiH) BY SUBROUTINE MINFR (CQWT) 

Variable Engrg 
Source    • 

Loc Name Symbol Description Routine Note 

152 S3(12) Upper panel land thickness 
for pressure design, in. 

CVPRES 

153 S3(13) Side panel land thickness 
for pressure design, in. 

CVPRES 

154 S3(14) Lower panel land thickness 
for pressure design, in. 

CVPRES 

155 S3(15) Upper panel field thickness 
for pressure design, in. 

CVPRES 

156 S3(16) Side panel field thickness 
for pressure design, in. 

CVPRES 

157 S3(17) Lower panel field thickness 
for pressure design, in. 

CVPRES 

158 S3(18) Basic acoustic fatigue 
field thickness, in. 

FCOVER 

159 S3(19) Upper panel thickness 
for flutter design, in. 

FCOVER 

160 S3(20) Lower panel thickness 
for flutter design, in. 

FCOVER 

161 S4(l) Ae eRG 
Minor frame depth, in. FUSSHL 

162 S4(2) Minor frame effective 
area, in? 

MINFR 3 

163 S4(3) a Principal diagonal tension 
angle, radians 

MINFR 3 

164 S4(4) K Degree to which diagonal 
tension is developed 

MINFK 3 

165 S4(5) f ST MAX 
Maximum forced crippling 

stress in longitudinal 
members, psi 

FBEND 

166 S4(6) p 
MAX 

Maximum forced crippling FBEND 
load in longitudinal 
members, lb 

167 S4(7) A Area of longitudinal 
member that resists 
forced crippling, in. 

FBEND 

168 S4(8) Not used 
To 
Not used 

• 

180 
• 

S4(20) 
181 S5(l) Depth of pressurized 

compartment, in. 
BLKHDS 4 
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TABLE 39.    T ARRAY VARIABLES PRINTED BY SUBROHINE MINFR (CONCL) 

Loc 
Variable 

Name 
Engrg 
Symbol Description 

Source 

Routine Note 

182 

183 
184 

185 

186 

187 

188 

189 

190 

191 

192 
193 

• 

200 

S5(2) 

85(3) 
85(4) 

85(5) 

85(6) 

85(7) 

85(8) 

S5(9) 

85(10) 

85(11) 

85(12) 
85(13) 

• 

85(20) 

F 
cy 

E 
c 

t 

t 

Width of pressurized 
compartment, in. 

Limit uniform pressure, psi 
Incremental pressure due 

to hydraulic (fuel) 
head, psi 

Limit to ultimate design 
factor 

Limit tensile strength 
for bulkhead design, psi 

Compression yield stress, 
psi 

Bulkhead material com- 
pression modulus of 
elasticity, psi 

Surface area of bulkhead, 
in? 

Equivalent bulkhead thick- 
ness for specified 
pressure loading, in. 

Equivalent bulkhead thick- 
ness that satisfies all 
design loading, in. 

Fuel density, lb/in? 
Not used 
To 
Not used 

BLKHDS 

BLKHDS 

BLKHDS 

BLKHDS 

BLKHDS 

BLKHDS 

BLKHDS 

DBLKHD 

BLKHDS 

BLKHDS 4 

NOTE: 1. Random data are printed which could have originated from 
various subroutines. 

2. Random data would be printed if acoustic fatigue is not 
evaluated. 

3. Random data would be printed if critical buckling shear stress, 
location 10, is greater than the side panel shear stress, 
location 9. 

4. Data for the last previous bulkhead would appear in the 
printed output. 
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Arrays and Variables Calculated 

FRWT Refer to Table 10 
S Refer to T locations 2 through 48 in Table 39 
S4 Refer to Table 36 
TOT Refer to Tables 10 and 27 

Labeled Caimon Arrays 

IP(78)  Output print control for first 200 cells of scratch region 
(common locations 2001 through 2200) prior to exit from 
MINFR 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE FBEND 

General Description 

Deck name: FBEND 
Entry name: FBEND 
Called by: FPANEL 
Subroutines called: None 

This subroutine calculates the area of the bending elements required to 
satisfy the strength and stiffness criteria. TTie routine evaluates the 
effects of cutouts, the contribution from cover panel bending strength, and 
the local forced crippling from the shear panels. 

Arrays and Variables Used 

BL Refer to Table 10 
BS Refer to Table 10 
BSTR Refer to Table 10 
BU Refer to Table 10 
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CTOL 
CTOU 
U 
DÜO 
EISD 
EIVT 
liQUA 
FMP 
IGST 
RCL 
RCU 
RO 
RTL 
RTU 
SFRM 
SI 
S2 
S3 
S4 
TCL 
TCS 
TCÜ 
WO 

Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 

to Table 
to Table 
to Tables 
to Table 
to Table 
to Table 
to Table 
to Tables 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 

10 
10 
10 and 12 

10 
10 
10 
10 
10 and 15 

10 
10 
10 
10 
10 
10 
10 
36 
36 
36 
36 
10 
10 
10 
10 

Arrays and Variables Calculated 

AIT Refer to Table 10 
ALCL Refer to Table 10 
ALCU Refer to Table 10 
ALL Refer to Table 10 
ALS Refer to Table 10 
ALU Refer to Table 10 
EISA Refer to Table 10 
EIVA Refer to Table 10 
FMAX Refer to Table 10 
S(2) Area of upper longerons or stringers to satisfy strength, in.2 

S(3) Area of side stringers to resist forced crippling, in.2 

S(4J Area of lower longerons or stringers to satisfy strength, in.2 

S(5J Secondary longeron area (minimum area), in.2 

S(6) Maxiiiium cover stress, psi 
S(7) Distance from neutral axis to shell extreme fibre, in. 
S(8) Ratio of maximum longeron or stringer stress to distance to 

extreme fibre, psi/in. 
S(9) Ratio of maximum cover stress to distance to extreme fibre, 

psi/in. 
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S(10)   Half of net ultimate bending moment, in.-lb 
S(ll)   Panel degradation due to proximity of cutout, in. 
S(12)   Bending moment reacted by panel and secondary bending 

e lonents, in-lb 
S(13)   Bending moment reacted by primary longerons or stringers, 

in.-lb 
S(14)   Area of primary longerons or stringers required to react bend- 

ing moment, in.2 
S(1S)   Panel width between longerons or stringers, in. 
S(16)   Available panel width located at longitudinal elements, in. 
S(17)   Curvature contribution to panel compression crippling stress, 

psi 
S(18)   Intermediate calculation 
S(19)   Panel critical compression crippling stress, psi 
S(20)   Effective panel width located at longitudinal elements, in. 
5(21)   Bending moment reacted by panel in compression, in.-lb 
S(22)   Total panel width unaffected by cutouts, in. 
S(23)   Number of existing stringers on upper sector 
S(24)   Number of existing stringers on side sector 
S(25)   Number of existing stringers on lower sector 
S(26)   Area moment of inertia of panel, in.^ 
S(27)   Area moment of inertia of intermediate, longitudinal members, 

in.4 

S(28)   Area moment of inertia of side stringers, in.4 

S(29)   Area moment of inertia of upper cutout longerons, in.4 

S(30)   Area moment of inertia of lower cutout longerons, in. 
S(31)   Area moment of inertia of upper longerons or stringers, in.4 

S(32)   Area moment of inertia of lower longerons or stringers, in.4 

S(33)   Incremental bending stiffness required, lb-in.2 
S(34)   Incremental area for upper longeron or stringers, in.2 
S(35)   Incremental area for lower longeron or stringers, in.2 
S(36)   Vertical distance from neutral axis to upper cutout 

longerons, in. 
S(37)   Vertical distance from neutral axis to lower cutout 

longerons, in. 
5(38)   Area of upper cutout longeron (intermediate calculation), in. 
S(39)   Area of lower cutout longeron (intermediate calculation), in.* 
S(40)   Area per unit thickness for upper longerons or side stringers, 

in.2/in. 
S(41)   Distance from cover to longeron or stringer centroid, in. 
S(42)   Longeron or stringer area moment of inertia per unit thickness, 

in.4/in. 
S(43)   Longeron or stringer radius of gyration, in. 
S(44)   Initial thickness, estimate for longeron or stringer, in. 
S(45)   Longeron or stringer thickness required to resist induced 

compression load from shear panel, in. 
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S(46)   Longeron or stringer effective area constant 
S(47)   Intermediate calculation 
S(48)   Intermediate calculation 
S(51)   Intermediate calculation 
S(52)   Ratio 01 average induced stringer or longeron stress to 

maximum stress 
S(53)   Intermediate calculation 
S(54)   Intermediate calculation or longeron compression load due to 

bending moment, lb 
S(55)   Intermediate calculation or longeron area required for com- 

bined bending load and forced crippling load, in. 
S(56)   Longeron or stringer estimated thickness, in., or longeron 

compression load due to combined bending and forced crippling, 
lb 

S(57)   Intermediate calculation or longeron area required for 
combined bending and forced crippling, in.2 

S(58)   Intermediate calculation 
S(59)   Intermediate calculation 
S(60)   Intermediate calculation 
S(61)   Difference between assumed longeron or stringer thickness and 

iterated thickness, in. 
S(62)   Lateral distance to upper cutout longeron, in. 
S(63)   Lateral distance to lower cutout longeron, in., or upper 

cutout width, in. 
S(64)   Lower cutout width, in. 
S4     Refer to Table 36 
TOT    Refer to Tables 10 and 27 

Labeled Conmon Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 
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SUBROUTINE BLKHD6 

General Description 

Deck name: BLKHDS 
Entry name: BLKHDS 
Called by: FUSSHL 
Subroutines called: DBLKHD 

This subroutine evaluates the pressure and geometry data to obtain the 
bulkhead design parameters, calls subroutine DBLKHD to obtain the equivalent 
thickness of webs and stiffeners, and calculates the bulkhead weight. 

The routine evaluates cabin, compartment, or fuel pressures, both forward 
and aft of the designated bulkhead. Should none of the pressure loadings be 
indicated, the bulkhead weight is based on minimum equivalent thickness. 
Should pressure from different sources or conditions affect the bulkheads, 
each pressure loading is evaluated to determine the critical design. 

Cabin pressuie is indicated by negative pressure input data. Should an 
upper cutout exist in this situation, the torsional area calculated in sub- 
routine CUTOUT reflects the lower section area and, therefore, the tpper 
section area is calculated for use in the bulkhead calculations. The factor- 
of-safety and design pressures are calculated in the same manner as discussed 
for subroutine CVPRES for cover design. 

Arrays and Variables Used 

ACRS Refer to Table 10 
ANTA Refer to Table 10 
ANTF Refer to Table 10 
CIND Refer to Tables 10 and 11 
CTOU Refer to Table 10 
D Refer to Tables 10 and 12 
ÜEPA Refer to Table 10 
DEPF Refer to Table 10 
DKHT Refer to Table 10 
BIP Refer to Tables 10 and 15 
PERA Refer to Table 10 
PERF Refer to Table 10 
PRDA Refer to Table 10 
PRDF Refer to Table 10 
PRES Refer to Table 10 
RHOF Refer to Table 10 
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51 Refer to Table 36 
52 Refer to Table 36 
85(10) Equivalent thickness for specified pressure loading, in. 
WIDA Refer to Table 10 
WIDF Refer to Table 10 
XO Refer to Table 10 

Arrays and Variables Calculated 

S(l) Limit allowable stress for strength, psi 
S(2) Vertical load factor or bulkhead peripheral edge length, in. 
S5(l) Depth of pressurized compartment, in. 
55(2) Width of pressurized compartment, in. 
S5(3) Limit unifom pressure, psi 
S5(4) Incremental pressure due to hydraulic (fuel) head, psi 
S5(5) Limit to ultimate design factor 
S5(6) Limit tensile strength for design, psi 
S5(7) Compression yield strength, psi 
S5(8) Compression modulus of elasticity, psi 
35(9) Surface area of bulkhead, in.2 
55(11) Equivalent thickness that satisfies all design loadings, in. 
S5(12) Fuel density, lb/in.3 

WTBK Refer to Table 10 

Labeled Conmon Arrays 

None 

Mass Storage File Records 
  

None 

Error Messages 

None 
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SUBROUTINE DBLKHD 

General Description 

Deck name: DBLKHD 
Entry name: DBLKHD 
Called by: 3LKHDS, SECOST 
Subroutines called: MINMUM 

This subroutine calculates the equivalent thickness (t-bar) of a conven- 
tional stiffened sheet structure designed to resist noimal pressure loadings. 

The equivalent thickness is calculated for three stiffener spacings, 
starting at a predefined minimun spacing and progressively increasing at fixed 
increments. The bulkhead web thickness is calculated to resist the maximum 
pressure force in a combined beaming and diaphragming action between stiffeners, 
The web is assumed to be milled with lands 10 percent wider than the stiffener 
caps. The relationship of land and field thickness is restricted such that 
the ratio of land thickness over field thickness does not exceed 2.5. Ihe 
stiffener sizing is calculated to react the maximum bending moment, as well as 
to satisfy the gef «trie restraints of minimun thickness, minimum flange width, 
and maximum stiffener height. 

After the equivalent thicknesses have been calculated for three spacings 
CJ-3), subroutine MlhMUM is called to determine the optimum spacing. The 
solution for optimum spacing is defined by the indicator K. 

If K is 1, an optimum spacing has been determined, and a final effective 
thickness is calculated for that spacing. 

If K is 2, the optimum spacing is greater than the third spacing. Ihe 
equivalent thicknesses and spacings at points 2 and 3 replace the values at 
spacings 1 and 2, and a new third spacing is evaluated. If the maximum 
stiffener spacing is reached, the thickness at that spacing is used. 

If K is 3, the optimum spacing occurs at a spacing less than the minimum, 
and the thickness derived for the minimum spacing is used. 

Arrays and Variables Used 

D Refer to Tables 10 and 12 
EQUA Refer to Tables 10 and 13 
5(4) Optimum stiffener spacing, in, 
35(1) Depth of pressurized compartment, in. 
55(2) Width of pressurized compartment, in. 
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S5(3) Limit uniform pressure, psi 
S5(4) Incremental pressure due to hydraulic head, psi 
S5(5) Limit to ultimate design factor 
S5(6) Limit tensile strength for design, psi 
S5(7) Compression yield strength, psi 
S5(8) Conpression modulus of elasticity, psi 

Arrays and Variables Calculated 

S Intermediate calculations and as follows: 
S(l) First stiff ener spacing, in. 
5(2) Second stiffener spacing, in. 
S(3) Third stiffener spacing, in. 
S(4) Optimum stiffener spacing, in. 
S(5) Lquivalent thickness at first spacing, in. 
S(6) Lquivalent thickness at second spacing, in. 
b(7) Equivalent thickness at third spacing, in. 
S(8) Lquivalent thickness at optimum spacing, in. 
5(31) Ultimate uniform pressure, psi 
5(32) Ultimate pressure from hydraulic head, psi 
5(37) Shortest beaming distance between edges of bulkhead, in. 
S(39) Maximum ultimate pressure, psi 
5(40) Bulkhead web field thickness, in. 
5(46) Equivalent stiffener thickness, in. 
5(51) Bulkhead web land thickness, in. 
5(54) Stiffener web thickness, in. 
5(55) Stiffener flange width, in. 
55(10)  Equivalent thickness of bulkhead, in. 

Labeled Common Arrays 

None 

Mass Storage File Records 

Noiie 

Error Messages 

None 
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SUBROUTINE MIM4JM 

General Description 

Deck name:   MlhMUM 
Entry name:   MlhMJM 
Called by:    DBLKHD 
Subroutines called:   None 

This subroutine calculates the optimum spacing when given three spacings 
and corresponding thickness values.    The method consists of a quadratic 
equation fit through the three given points and evaluating the curve for the 
optimum spacing.    The quadratic equation takes the following form: 

y = ax    -bx+c 

where 

y ■ thickness 

x = spacing 

Should "a" be negative, the point at which the slope is zero represents 
a maximum thickness. Therefore, the indicator K is set to 3 to indicate an 
optimum spacing less than the spacings given. 

Should "a" be zero, the curve fit is a straight line with no real maximum 
or minimum. If "b" is also zero, thickness does not vary with spacing, and 
the indicator K is set to 3. 12 "b" is negative, the thickness increases with 
spacing and, therefore, the indicator K is set to 3. If MbM is p sitive, the 
thickness decreases with spacing and the indicator is set to 2 to designate 
an optimum spacing greater than any of the spacings given. 

Should "a" be positive, there is a real optimum. Should the optimum 
occur within the range of the given spacings, the indicator K is set to 1 to 
designate a solution. If the optimum is greater than the given spacings, K 
is set equal to 2. If the optimum is less than the given spacings, K is 
set at 3. 
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Arrays and Variables Used 

D Refer to Tables 10 and 12 
S(l) First spacing, in. 
S(2) Second spacing, in. 
S(3) Third spacing, in. 
S(5) TMckness at first spacing, in. 
5(6) Thickness at second spacir,,, in. 
S(7) Thickness at third spac4:ig, in. 

Arrays and Variables Calculated 

S Intermediate calculations and as follows: 
S(4) Optimum spacing, in. 
S(8) Thickness at optimum spacing, in. 
S(19) Constant "a" in equation 
S(20) Constant "b" in equation 
S(21) Constant "c" in equation 
S(22) Spacing at which slope of the curve is zero (optimum), in. 

Labeled Conroon Arrays 

None 

Mass Storage File Records 

None 

Error f-fessages 

None 

SUBROUTINE FWEIGH 

General Description 

Deck name: FWEIGH 
Entry name: FWEIGH 
Called by: FUSSHL 
Subroutines called: None 
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This subroutine calculates the weight and center of gravity of cover, 
minor frames, longerons or stringers, secondary longerons, and joints, splices, 
and fasteners within each of the fuselage segments. 

The cover and longitudinal member weight calculations are based on 
linear taper of thickness or area between the forward and aft boundaries of 
the segment. Minor frame weights are based on a weight per linear inch. Upper 
and lower panel cutouts are examiiied. If a cutout occurs within a segment, 
that portion of cover that is cut out is deleted from the weight calculations. 
For stringer construction, only the stringers present enter into the volumetric 
calculations. Should cutouts exist in the side sector of the segment, a 
weight increment equal to four times the cover material removed by the cutout 
is added to the cover weight calculations. 

Should torsional stiffness requirements dictate the cover thickness, the 
required thickness may have two values immediately aft and forward of a cut. 
The appropriate thicknesses that apply to the segment are used. 

The weights of the structural elements in the nose and tail segments of 
the fuselage are based on the sizing data at the first and last structural 
evaluation cuts. Should either or both nose and tail radomes exist, the shell 
estimate for the corresponding segment is not calculated, to avoid any weight 
duplication. 

The weights of joints splices and fasteners are based on a fraction of 
the cover and longitudinal member weights. 

Arrays and Variables Used 

AIT Refer to Table 10 
ALCL Refer to Table 10 
ALCU Refer to Table 10 
ALL Refer to Table 10 
ALS Refer to Table 10 
ALU Refer to Table 10 
BL Refer to Table 10 
BS Refer to Table 10 
BSTR Refer to Table 10 
BU Refer to Table 10 
CIND Refer to Tables 10 and 11 
CTOL Refer to Table 10 
CTOS Refer to Table 10 
CTOU Refer to Table 10 
D Refer to Tables 10 and 12 
DELX Refer to Table 10 

422 



EQUA Refer to Tables 10 and 13 
FMP Refer to Tables 10 and 15 
FRWT Refer to Table 10 
ICST Refer to Table 10 
NC Refer to Table 10 
PER Refer to Table 10 
RDNS Refer to Table 10 
RDTC Refer to Table 10 
SF Refer to Table 10 
SFPM Refer to Table 10 
SI Refer to Table 36 
TCL Refer to Table 10 
TCS Refer to Table 10 
TCU Refer to Table 10 
TGJA Refer to Table 10 
TGJF Refer to Table 10 
TLL Refer to Table 10 
TLS Refer to Table 10 
TLU Refer to Table 10 
XBAR Refer to Table 10 
XO Refer to Table 10 

Arrays and Variables Calculated 

i 

CGCO    Refer to Table 10 
CGJS    Refer to Table 10 
CGLG    Refer to Table 10 
CGMF    Refer to Table 10 
S(l)    Equivalent perimeter of nose or tail segments, in. 
S(2)    Perimeter correction factor for nose or tail segments 
S(3)    Number of upper longerons or stringers for nose, tail, or 

sharp geometric transition segments 
S(4)    Number of side stringers for nose, tail, or sharp geometric 

transition segments 
S(5)    Number of lower longerons or stringers for nose, tail, or 

sharp geometric transition segments 
S(6)    Frame land volume in upper sector for nose or tail segments, 

in.3 

S(7) Intermediate calculations 
S(8) Intermediate calculations 
S(9) Intermediate calculations 
S(10) Intermediate calculations 
S(ll) Intermediate calculations 
S(12) Intermediate calculations 
S(13)   Number of stringers in side sector at forward edge of segment 
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S(14)   Nunber of stringers in side sector at aft edge of segment 
S(15)   Volume per linear inch of cover panel at forward edge of 

segment, in.3/in. 
S(16)   Volume per linear inch of cover panel at aft edge of 

segment, in.Vin. 
S(17)   Volume per linear inch of longerons or stringers at forward 

edge of segment, in.3/in. 
S(18)   Volume per linear inch of longerons or stringers at edge of 

segment, in.Vin. 
S(19)   Minor frame weight per linear inch at forward edge of 

segment, lb/in. 
S(20)   Minor frame weight per linear inch at aft edge of segment, 

lb/in. 
S(21)   Upper cover longitudinal center of gravity, in. 
S(22)   Side cover longitudinal center of gravity, in. 
S(23)   Lower cover longitudinal center of gravity, in. 
S(24)   Cover field thickness at forward edge of segment, in. 
S(25)   Cover land thickness at forward edge of segment, in. 
S(26)   Cover field thickness at aft edge of segment, in. 
S(27)   Cover land thickness at aft edge of segment, in. 
S(31)   Upper longerons or stringers longitudinal center of gravity, 

in. 
S(32)   Side stringers longitudinal center of gravity, in. 
3(33)   Lower longerons or stringers longitudinal center of gravity, 

in. 
5(34)   Secondary longerons longitudinal center of gravity, in. 
5(35)   Upper cutout longerons longitudinal center of gravity, in. 
5(36)   Lower cutout longerons longitudinal center of gravity, in. 
5(40)   Weight moment of cover or longitudinal elements, in.-lb 
WLCL    Refer to Table 10 
WLCU    Refer to Table 10 
WTCL    Refer to Table 10 
WTCS    Refer to Table 10 
WTCT    Refer to Table 10 
WTCU    Refer to Table 10 
WTJS    Refer to Table 10 
WTLL    Refer to Table 10 
WTLS    Refer to Table 10 
WTLT    Refer to Table 10 
mw Refer to Table 10 
WflviF    Refer to Table 10 
WTST    Refer to Table 10 

Labeled Common Arrays 

None 
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Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE PARTIT 

General Description 

Deck name:   PARTIT 
Entry name:   PARTIT 
Called by:   FUSSHL 
Subroutines called:   None 

This subroutine calculates the weight of partitions based on a fraction 
of the cover and minor frame weights.    Program capability improvement would 
result in a revision tc this routine.    In the improved version» this routine 
would control the detail required for the structural evaluation of partitions. 

Arrays and Variables Used 

EQUA Refer to Tables L> and 13 
NC Refer to Table 10 
WTCT Refer to Table 10 
WIMF Refer to Table 10 

Arrays and Variables Calculated 

WTPT Refer to Table 10 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 
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Error Messages 

None 

SUBROmNE MISCWT 

General Description 

Deck name: MISCWT 
lintry name: MI Sa«" 
Called by: FUSSHL 
Subroutines called: None 

This subroutine calculates the weight and center of gravity of fittings, 
engine drag beams, and certain major frames which are not evaluated in the 
shell, bulkhead, or major frame calculations. 

The routine calculates the weight of attach fittings for the wing, 
horizontal tail, vertical tail, nacelle, and other component reaction loads. 
The maximum shear forces from the wing, horizontal tail, nacelle, and other 
externally supported component are used to calculate the respective fitting 
weights. The maximum bending moment from the vertical tail is divided by the 
couple arm (maximum root thickness) to obtain the vertical tail fitting load. 
The fitting center of gravity is determined by the centroid of the sipport 
points. 

The  engine drag beam weight reflects the amount of material required to 
redistribute the engine thrust loads in the fuselage shell. The center of 
gravity for this item is located at one-fourth the engine length from the 
front face. 

Fighter and bomber aircraft require crew ejection provisions. On these 
types of aircraft, the weight of rail support frames for seat ejection is based 
on 20 pounds per crewmember. The center of gravity of this provision is lo- 
cated 20 inches aft of the crew center of gravity. 

Cargo aircraft with wheeled vehicle loading ramps require a support frame 
at the ramp hinge. This is due to the local loads that occur during cargo 
loading. The weight tor these frames is based on the fuselage perimeter at the 
frame. This frame is located either at the ramp center of gravity or, if ramp 
length is defined, at a distance equal to one-third the ramp length from the 
ramp center of gravity in the direction of the hinge. 
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Arrays and Variables Used 

D Refer to Tables 10 and 12 
EQUA Refer to Tables 10 and 13 
FMtfT Refer to Tables 10 and 16 
ITYP Refer to Table 10 
NC Refer to Table 10 
PER Refer to Table 10 
SCDT Refer to Tables 10 and 17 
SCST Refer to Tables 10 and 18 
S2 Refer to Table 36 
S21 Refer to Table 21 
IMS Refer to Tables 10 and 26 
XHFS Refer to Table 10 
XURS Refer to Table 10 
XNFS Refer to Table 10 
XMiS Refer to Table 10 
XO Refer to Table 10 
XOFS Refer to Table 10 
XORS Refer to Table 10 
XVFS Refer to Table 10 
XVRS Refer to Table 10 
XWFS Refer to Table 10 
XWIS Refer to Table 10 
XWRS Refer to Table 10 

Arrays and Variables Calculated 

FMVT    Refer to Tables 10 and 16 
S(l)    Inteimediate calculation 
S(2)    Intermediate calculation 
S(3)    Inteimediate calculation 
S(4)    Weight of wing attach fittings, lb 
S(5)    Longitudinal center of gravity of wing attach fittings, in. 
S(6)    Weight of horizontal tail attach fittings, lb 
S(7)    Longitudinal center of gravity of horizontal tail attach 

fittings, in. 
S(8)    Weight of vertical tail attach fittings, lb 
S(9)    Longitudinal center of gravity of vertical tail attach 

fittings, in. 
S(10)   Weight of nacelle attach fittings, lb 
S(ll)   Longitudinal center of gravity of nacelle attach fittings, in. 
S(12)   Weight of other component attach fittings, lb 
S(13)   Longitudinal center of gravity of other component attach 

fittings, in. 
3(14)   Fuselage perimeter at ramp support frame, in. 
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Sl>M    Refer to Tables 10 and 20 
S21    Refer to Tables 10 and 21 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE SECOST 

General Description 

Deck name: SECOST 
Entry name: SECOST 
Called by: FUSSHL 
Subroutines called: DBLKHD 

This subroutine tests for applicable items of secondary structure, and 
calculates the weights that are not supplied in the input data. These 
weights, either calculated or input, are saved in the SCWT array. The 
routine also calculates the weight of cargo or passenger flooring which falls 
in the category of primary structure. 

Arrays and Variables Used 

CIND Refer to Tables 10 and 11 
D Refer to Tables 10 and 12 
EQUA Refer to Tables 10 and 13 
FMP Refer to Tables 10 and IS 
IAV Refer to Table 10 
ITYP Refer to Table 10 
NC Refer to Table 10 
SCDT Refer to Tables 10 and 17 
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SCSI Refer to Tables 10 and 18 
SF Refer to Table 10 
S21 Refer to Tables 10 and 21 
S5(10) Equivalent thickness of door, in. 
TOT Refer to Tables 10 and 27 
XI Refer to Table 10 

Arrays and Variables Calculated 

S Intermediate calculations 
SCDT Refer to Tables 10 and 17 
SCWT Refer to Tables 10 and 19 
S.c(l) Depth of pressure door, in. 
S5(2) Width of pressure door, in. 
S5(3) Limit uniform pressure, psi 
S5(4) Incremental pressure due to hydraulic head (0.0), psi 
S5C5) Limit to ultimate design factor 
55(6) Limit tensile strength for design, psi 
SS(7) Compression yield strength, psi 
S5(8) Compression modulus of elasticity, psi 

Labeled Ogggfl Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

• ***WARNING MESSAGE*** 

WINDOWS AND PORTS RULE OF TOUMB IS NOT WITHIN PROGRAM CAPACITY 

Data must be supplied for windows and ports, either weights or 
descriptive data. 
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SUBROniNE MDIST 

General Description 

Deck none: WTDIST 
Entry name: WTOIST 
Called by: RJSSHL 
Subroutines called: None 

This subroutine is currently a dunny routine that would be written to 
distribute the fuselage canponent weights. 

SUBROUTINE SIMRY 

General Description 

Deck name: SlftMRY 
Entry name: SLMRY 
Called by: FUSSHL 
Subroutines called: None 

This subroutine combines the component weight and balance data for 
summary output print. The routine locates the longitudinal elements according 
to type of construction for the detail weight statement output. 

Arrays and Variables Used 

CGCO Refer to Table 10 
CGJS Refer to Table 10 
CGLG Refer to Table 10 
CCMF Refer to Table 10 
D Refer to Tables 10 and 12 
BMT Refer to Tables 10 and 16 
ICST Refer to Table 10 
NC Refer to Table 10 
SCST Refer to Tables 10 and 18 
SCOT Refer to Tables 10 and 19 
SUM Refer to Tables 10 and 20 
WLCL Refer to Table 10 
WLCU Refer to Table 10 
WTBK Refer to Table 10 
WTCL Refer to Table 10 
wies Refer to Table 10 
WTCU Refer to Table 10 
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IVTJS Refer to Table 10 
WILL Refer to Table 10 
OTLS Refer to Table 10 
WIUÜ Refer to Table 10 
WIMF Refer to Table 10 
WTPT Refer to Table 10 
WTST Refer to Table 10 
XBAR Refer to Table 10 
XO Refer to Table 10 

Arrays and Variables Calculated 

SUM4 

S array variable calculations in this array are weight 
moments, in.-lb 
Refer to Tables 10 and 20 

Labeled Canroon Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE SPRINT 

General Description 

Deck name:    SPRINT 
Entry name:    SPRINT 
Called by:    FUSSHL 
Subroutines called:    None 

This is the primary output print routine for the fuselage weight 
estimation module.    This routine prints the significant input data, final 
structural sizing data, detail element weight data, a detail weight statement, 
and fuselage balance sunmary in tabular form. 
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Arrays and Variables Used 

ACOÜ Refer to Table 10 
ACRS Refer to Table 10 
AIT Refer to Table 10 
Ain. Refer to Table 10 
AIHJ Refer to Table 10 
ALL Refer to Table 10 
ALS Refer to Table 10 
ALU Refer to Table 10 
Am Refer to Table 10 
ANTF Refer to Table 10 
BL Refer to Table 10 
BLKD Refer to Table 10 
BMN Refer to Table 10 
BS Refer to Table 10 
BSTR Refer to Table 10 
BU Refer to Table 10 
CIND Refer to Tables 10 and 11 
CTOL Refer to Table 10 
CTOS Refer to Table 10 
CTOU Refer to Table 10 
DELX Refer to Table 10 
DEPA Refer to Table 10 
DEPF Refer to Table 10 
DKtfT Refer to Table 10 
DOO Refer to Table 10 
EISA Refer to Table 10 
EISD Refer to Table 10 
E1VA Refer to Table 10 
EIVT Refer to Table 10 
EMP Refer to Tables 10 and 15 
FMin Refer to Tables 10 and 16 
FRMC Refer to Table 10 
FRML Refer to Table 10 
GJRD Refer to Table 10 
HTLG Refer to Table 10 
IP Print control (refer to "Labeled Common Arrays") 
11 Condition which produces maximum down-bending moment 
12 Condition which produces maximum up-bending moment 
13 Condition which produces design vertical shear 
NC Refer to Table 10 
PER Refer to Table 10 
PERA Refer to Table 10 
PERF Refer to Table 10 
PREW Refer to Table 10 
PROP Refer to Table 10 
PRES Refer to Table 10 
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RAD Refer to Table 10 
RCL Refer to Table 10 
RCS Refer to Table 10 
RCU Refer to Table 10 
RHOF Refer to Table 10 
RO Refer to Table 10 
RTL Refer to Table 10 
RTU Refer to Table 10 
SCDT Refer to Tables 10 and 17 
SCSI Refer to Tables 10 and 18 
SCWT Refer to Tables 10 and 19 
SF Refer to Table 10 
SFRM Refer to Table 10 
STOO Refer to Table 10 
SIJNW Refer to Tables 10 and 20 
S21 Refer to Table« i 10 and 21 
TCF Refer to Table 10 
TCL Refer to Table 10 
TCS Refer to Table 10 
reu Refer to Table 10 
TGJA Refer to Table 10 
TGJF Refer to Table 10 
TLL Refer to Table 10 
TLS Refer to Table 10 
TLU Refer to Table 10 
TOT Refer to Tables 10 and 27 
UIX Refer to Table 10 
UIY Refer to Table 10 
UIZ Refer to Table 10 
VOL Refer to Table 10 
WIDA Refer to Table 10 
WIDF Refer to Table 10 
WLCL Refer to Table 10 
WLOJ Refer to Table 10 
WO Refer to Table 10 
WTBK Refer to Table 10 
mci Refer to Table 10 
WTCS Refer to Table 10 
WTCT Refer to Table 10 
WTCU Refer to Table 10 
WTJS Refer to Table 10 
WTLL Refer to Table 10 
WTLS Refer to Table 10 
WTLT Refer to Table 10 
WTLU Refer to Table 10 
IVTMF Refer to Table 10 
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WTPT Refer to Table 10 
WTST Refer to Table 10 
XBAR Refer to Table 10 
XO Refer to Table 10 
ZO Refer to Table 10 

Arrays and Variables Calculated 

TCI) Intermediate calculation for weight items, lb 

Labeled Ccmnon Arrays 

IP(80)       Output print control for input data, detail sizing data, and 
detail shell element weights in tabular form 

Mass Storage File Records 

None 

Error Messages 

None 
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